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Immuno-cytoadherence .Studies

.Spontaneous Hosette Counts in Mice
Receiving no Antigen Injection

The spontaneous rosette counts obtained from

the spleen cell suspensions derived from 10 mice

receiving no lipid treatment or antigen, were 0.87 +

0.48 per 1000 cells and 42*3 + 22.6 x 10^ per spleen

(Table 23). These counts were comparable with those

cited by Biozzi et al. (1967)*

abcperiments Using 10 per cent* dheep erythrocyte
Suspension as Antigen

Spleen Cell suspensions

The individual rosette counts per IuOO cells and

per spleen are shown in figures 81 to 83. Mean rosette

and cell counts are tabulated in Tables 24 to 27 and

are graphed in figures 84- to 86.

•The results were submitted to Mr. w. Adams,

Department of social Medicine, University of Edinburgh,

for statistical analysis. An analysis was made of the

rosettes per spleen. From the data supplied, the results

were analysed as a two factor experiment: i.e. Treat¬

ments, 4- levels. Days, 5 levels, with unequal numbers

of replicates. In ofder to stabilise the variance, the

cube roots of the data were analysed and the numbers of

replicates were equalised, as a result of the analysis

of variance, the essential inference was that all the

treatments differed significantly in their effects. It

was also apparent that there were statistical differences

in the effects of time and in the interactions of time

with the treatemtns. On the other hand, the interpret¬

ation/
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tablej 25

SPONTANEOUS fiOSETTE FORMATION BY SPLEEN CELLS
AND LYMPH NODE CELLS DERIVED FROM TEN MICE
RECEIVING NO ANTIGEN (SHEEP ERYTHROCYTES)

LYMPH
NODES

SPLEEN

ROSETTE COUNT
PER 1000 W.B.C.

SPLEEN CELL
COUNT x 10b

ROSETTE COUNT
PER 1000 W.B.C.

ROSETTE COUNT PER
SPLEEN x 105

0.51
+0.45

51.50
+14.50

0.87
+0.48

42.3
+22.6
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Pigure 81 • Rosette Counts per 1000 Spleen Cells
The rosette counts from days 5 to 15 after
the injection of the 10 per cent, sheep
erythrocyte suspension.
8 = Spontaneous rosettes, U = Untreated.
T = Tricaprin, 00 = Cholesteral Oleate.

SP = Sthyl Palmitate.
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Figure 82• Hosette Counts Per Spleen
The rosette counts on days 3, 6 and 9 after
the injection of the 10 per cent, sheep
erythrocyte suspension.
6= Spontaneous rosettes, U = Untreated.
T= Tricaprin, 00 = Cholesterol oleate.

jbSP= JUthyl Palmitate.
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Figure 85* Rosette Counts Per Spleen
The rosette counts on days 12 and 15 after
the injection of the 10 per cent* sheep
erythrocyte suspension are shown.
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lla-BIaS 24

UNTREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN
(10^ SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OF

ANIMALS

SPLEEN CELL
COUNT
x 106

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 103

DAY 3 9 49-6
±7.5

1.46
+0.48

71.5
+30.8

DAY 6 17 44.3
+8.2

8.64
+4.70

376.4
+207.6

LAY 9 16 64.3
+20.6

15.20
±6.73

877.9
+352.6

DAY 12 17 71.1
+21.9

7.22
+3.67

481.6
+215.2

DAY 15 12 89.0
+44.6

5.88
+4.07

407.3
+202.5
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3&BL3 25

TRICAPHIN TREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN (10%
SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OP

ANIMALS

SPLEEN CELL
COUNT,
x 10

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 105

DAY 3 8 70.9
+22.7

3.07
+1.92

244.8
+222.3

DAY 6 8 82.6
±7.5

13.32
+3.88

1101.9
+327.6

DAY 9 8 66.7
+17.2

10.79
+4.20

687.3
+215.1

DAY 12 7 69.9
+19.5

9.44
+2.70

664.2
+294.1

DAY 15 4 95.3
+ 32.5

5.04
+0.95

453.3
+89.4
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TA.BLS 26

ETHYL PALMITATE TREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OF 3 TO 15 DAYS AFTER THE INJECTION OF ANTIGEN
(10% SHEEP ERYTHROCYTE SUSPENSION)

NUMBER SPLEEN CELL ROSETTES PES ROSETTES PHI
OF COUNT. 1000 SPLEEN SPLEEN

INTERVAL ANIMALS x 10 CELLS x 105

DAY 3 10 6.1 O.96 5.5
±4. 1 +1.22 ±6.3

DAY 6 10 18.1 4.47 83.5
+12.8 +1.7? +66.2

DAY 9 9 45.6 7.64 340.1
+15.0 ±4.34 +222.7

DAY 12 10 15.6 5.73 90.1
+6.2 ±1.77 ±50.0

DAY 15 10 33.6 2.68 99.9
+12.5 ±1.77 ±87.4
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'•EA.B12J 27

CHOLESTEROL OLEATE TREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OF ANTIGEN
(10% SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OF

ANIMALS

SPLEEN CELL
COUNTS
x 105

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 103

MY 3 9 109.9+11.9 0.79+0.98 82.3+64.7

MY 6 9 158.5+34.1 1.71+0.72 278.4+129.2

MY 9 9 119.7+15.0 4.13+1.89 478.0+201.6

MY 12 9 92.0+32.5 3.61+3.23 339.8+380.1

MY 15 8 71.2+14.9 3.76+2.06 248.5+152.0
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x x Antigen only
•—• Tricaprin
a a Cholesterol oleate
D—a Ethyl palmitate

3 6 9 12 15

Days

Figure 84* Mean Kosette Counts Per IOOO tipleen Cells
The graphs show the rosette counts from days
3 to 15 in mice receiving the 10 per cent*
sheep erythrocyte suspension. The counts after
tricaprin treatment and antigen only are
related to each other in the same way as the
rosettes per spleen. The rosette counts after
cholesterol oleate and ethyl palmitate treated
groups show a different relationship because
of the greatly differing splenic cell counts
in these two groups.
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Pigure 85• Mean Kosette Counts Per Spleen
'The graphs show the mean rosette counts from
days 3 to 15 in mice receiving the 10 per cent,
sheep erythrocyte suspension. The relative
positions of the counts after ethyl palmitate
and cholesterol oleate treatment are to be
compared with the counts per 1000 cells shown
in figure
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X X antigen only
• • TRICAPRIN, 20mg
* a CHOLESTEROL OLEATE,60mg

° ethyl palmitate „90 mg

Figure 86. Mean splenic Cell Counts
The cell counts from days 3 to 15 in mice
receiving the 10 per cent, sheep erythrocyte
suspension are shown. Large changes are
associated with cholesterol oleate and ethyl
palmitate treatments.
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interpretation of these differences is complex and their

relevance is difficult to judge. The data concerning

the statistical analysis are included in Appendix

After this analysis was made, it was realised that

any further statistical analysis of the data concerning

the rosette studies using the 2.5 per cent, sheep erythro¬

cyte suspension would require professional assistance.

This requirement largely arose from the use of unequal

numbers of animals and the necessity to transform the

data. It was considered, however, that the request for

further professional statistical assistance would

constitute a considerable imposition that was difficult

to justify.

In the group of mice receiving the 10 per cent,

erythrocyte suspension only, the mean rosette count per

spleen showed a value of 71*5 x 10^ on day 3, and rose

to a peak mean value of 877»9 x 10^ on day 9. Thereafter,

the value declined to 407 «3 x 10^ on day 15. Treatment

with tricaprin before the injection of antigen induced a

more rapidly developing response. On day 3 the value was

244.8 x 10^ rising to a peak mean value of II0I.9 x 10^
on day 6. On day 9, the value had fallen below that of

mice receiving antigen only, but thereafter the values

remained above those in the group receiving antigen only.

The rosette counts per 1000 spleen cells on days

3 and 6 showed that the differences in the cell counts

between the tricaprin treated group and the group

receiving antigen only were not sufficient to account

for/
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for the increased response per spleen in the former

group at these times. Nevertheless, the count per IOOO

spleen cells, in the group receiving antigen only, on

day 9 was higher than that at the peak of the response

in the tricaprin treated group indicating the significance

of the different cell counts in the two groups. The

responses from day 6 to day 15 in the cholesterol oleate

and ethyl palmitate groups were substantially lower

than in the other two groups as judged by rosette counts

per spleen and per IOuO cells. The peak mean rosette

count per spleen in the cholesterol oleate treated group

was only 478.0 x 10^ on day 9 and that in the ethyl

palmitate treated group was even less (179*7 x 10^)
at the same time. These values were considerably

affected by the high cell counts in the cholesterol

oleate treated group and very low cell counts in the

ethyl palmitate treated groups as can be appreciated

from the rosette counts per IOOO cells, which were

lower in the cholesterol oleate treated mice than in

the ethyl palmitate treated mice except on day 15.
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Kxperiments Using 2.5 per cent* Sheep
iir.ythrocyto Suspension as Antigen

Spleen cell suspensions

The individual rosette counts expressed per 1000

cells and per spleen are shown in figures 87 to 89•

The mean rosette counts and cell counts are tabulated

in Tables 28 to 31 and are graphed in figures 90 to

92.

In the group receiving antigen only, the peak mean

value was 616•I x 10^ rosettes per spleen on day 9 comp¬

ared with the peak value of 877*9 x 10^ after the

injection of the larger dose of antigen. The rosettes

per spleen on day 6 were similar to those on day 9» and

the rosette count per IOuO cells on day 6 was higher

than on day 9* A lower peak mean value was also found

in the group treated with tricaprin, the count on day 6

being 718.8 x 10^ compared with a value of II0I.9 x 10^
after the larger dose of antigen. The mean rosette

count per 1000 cells on day 6 and day 9 in the tricaprin

treated group were nearly similar and the value in the

group receiving antigen only was actually higher on day

6 and slightly lower on day 9 than the corresponding

values in the tricaprin treated mice, so that the

patterns of the rosette counts per 1000 cells in these

two groups at these times appeared to be reversed,

compared with those after the larger dose of antigen.

On the other hand, the differences in the count3 in

these two groups on these two days were relatively

small, and in large measure the patterns of the rosette

response/
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figure 87* Jttosette Counts Per 1000 Spleen Cells
The rosette counts from days 3 to 15 after
the injection of the 2.5 per cent, sheep
erythrocyte suspension.
S = Spontaneous rosettes, U = Untreated.
T = Tricaprin, 00 = Cholesterol Qleate.

iSP = Ethyl Palmitate.
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Figure 88. Hosette Counts Per Spleen
The rosette counts on days 3 to 9 after the
injection of the 2#5 per cent, sheep
erythrocyte suspension.
S = Spontaneous rosettes, U= Untreated.
T = Tricaprin, CO = Cholesterol Oleate

UP = uthyl Palmitate.
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The rosette counts of days 12 and 15 after
the injection of the 2*5 per cent* sheep
erythrocyte suspension are shown.
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TABitfci 28

UNTREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT
INTERVALS OP 3 TO 15 DAYS AFTER THE INJECTION
OP ANTIGEN (2.5^ SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OP

ANIMALS

SPLEEN CELL
COUNT/-
x 10

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 10^

DAY 3 8 83.3
±33.2

2.29
+0.54

196.6
±95.0

DAY 6 8 64.5
±12.9

9.56
±2.74

613.6
±223.3

DAY 9 8 92.0
+68.4

7.75
±3.80

616.1
±247.3

DAY 12 8 70.1
+20.6

6.52
±3.83

465.2
±341.0

DAY 15 8 84.4
±16.9

5.39
+1.82

440.0
+141.9
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■mBLaJ 29

TRICAPRIN TREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OP 5 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN
(2.5% SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OP

ANIMALS

SPLEEN CELL
COUNT
x 106

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 1(K

DAY 3 8 73.4
+10.5

2.45
+0.91

176.1
+_62.2

DAY 6 8 86.2
+26.3

8.09
±4.13

718.8
+406.8

DAY 9 8 62.2
±14.9

8.44
+3.12

519.1
+220.5

DAY 12 8 73.8
±14.7

5.67
+2.63

416.5
+202.0

DAY 15 7 59.0
+23.7

4.18
+1.38

243.1
+117.5
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TABLS 30

ETHYL PALMITATE TREATED MICE

SPLEEN CELL COUNTS AND ROSETTE COUNTS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN
(2.5> SHEEP ERYTHROCYTE SUSPENSION)

NUMBER SPLEEN CELL ROSETTES PER ROSETTES PER
OP COUNT, 1000 SPLEEN SPLEEN

INTERVAL ANIMALS x 106 CELLS oT-H

DAY 3 8 21.1 0.85 15.5
+14.0 ±1.33 ±21.4

DAY 6 7 20.5 2.03 45.6
+7.0 +1.02 ±26.5

DAY 9 10 46.1 3.97 179.7
+19.8 +2.47 +137.3

DAY 12 7 56.5 3.07 150.9
+18.9 +2.93 ±142.5

DAY 15 7 67.8 1.97 136.1
+20.0 ±1.83 ±124.8

I
I
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TABLaJ

CHOLESTEROL OLEATE TREATED NICE

SPLEEN CELL COUNTS AND ROSETTE COURTS AT INTERVALS
OP 3 TO 15 DATS AFTER THE INJECTION OP ANTIGEN
(2.5J& SHEEP ERYTHROCYTE SUSPENSION)

INTERVAL

NUMBER
OP

ANIMALS

SPLEEN CELL
COUNT
x 105

ROSETTES PER
1000 SPLEEN

CELLS

ROSETTES PER
SPLEEN
x 103

DAT 3 8 117.9 2.3 294.3
+ 16.0 +1.7 +165.5

DAY 6 8 87.0 5.35 475.7

+ 22.2 +2.54 +246.7

DAY 9 8 94.7 5.02 447.3

+ 29.1 +2.11 +180.4

DAY 12 6 100.7 4.31 419.8
+ 25.4 +1.85 +191.2

DAY 15 6 84.9 4.57 382.0

+ 10.8 +1.80 +151.4
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Figure 90. Mean tfosette Counts Per IOOO Spleen Gells
The graphs show the rosette counts from days 3
to 15 in mice receiving the 2.5 per cent,
sheep erythrocyte suspension. The relative
position of the response in cholesterol oleate
treated mice compared with that after the
larger dose of antigen is of particular note.
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500 -

■x antigen only
- TRICAPRIN, 20mg
•a CHOLESTEROL OLEATE,60 mg
□ ETHYL PALMITATE,90mg

Figure 91. Mean Mosette Counts Per Spleen
The graphs show the mean rosette counts
from days 5 to 15 in mice receiving the
2.5 per cent sheep erythrocyte suspension.
The increase in the counts on days5 and
6 in the cholesterol oleate treated mice
compared with the corresponding response
after the larger dose of antigen is of
particular note.
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The cell counts from days 5 to 15 in
mice receiving the 2.5 per cent, sheep
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response in these two groups were similar.

In the cholesterol oleate treated group, the mean

rosette count per spleen was 447*3 x 10^ on day 9

compared with 478.0 x 10^ after the larger dose of

antigen. The corresponding counts on day 6 were 475*7

x 10^ and 278.5 x 10^. A higher count was also obtained

on day 3 (294.3 x 10^) compared with that after the

larger dose of antigen (80*5 x 10^). It is evident,

therefore, that the response after the smaller dose of

antigen was quieter to develop and reached higher values

on day 3 and day 6 than after the larger dose of antigen.

Perhaps the most striking feature was the relatively

high count on day 3 which exceeded that in all other

groups. The rosette counts per 1000 cells, nevertheless,

were less than control values from day 6 to day 12, but

exceeded those in the corresponding group of mice given

the larger dose of antigen throughout the whole period

of 15 days.

In the ethyl palmitate treated group the main feat¬

ure of the response to the smaller dose of antigen was

lower mean rosette counts per 1000 cells at all intervals

compared with those after the larger dose of antigen.

The peak mean rosette count per spleen was also lower

after the smaller dose of antigen. At all intervals,

the rosette count per 1000 cells was lower than that in

the cholesterol oleate treated group, more or less the

opposite of the findings in the experiment with the

larger dose of the antigen.

An/
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An important consideration in these immuno-cyto-

adherence studies is the influence of spleen cell counts

on the rosette counts per spleen. All the lipid treat¬

ments influenced the splenic cell counts to some extent,

but it is to be questioned whether the preparatory

techniques resulted in equivalent losses of cells in

each group.

Judging from the results of the investigation into

the effect of cholesterol oleate on splenic cell counts

(see Tables 35 to 37)» it is evident that the washing

of the spleen cells in the immuno-cytoe.dherence studies

probably caused significant loss®3 of cells. The

rosette counts per spleen ostensibly represent a more

correct measure of the immune response by the spleen

but it can be inferred that the rosette counts per IOuG

cells is probably a better measure for comparing the

effects of different treatments.
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Iymph Node Suspensions

Spontaneous Rosette Oount in the I«ymph Nodes
of Mice Receiving; no antigen

The spontaneous rosette count per 1000 cells in

mice receiving no treatment was 0.51 + 0.45 (Table 25).

.Experiments Using 10 per cent* Sheep
■Erythrocyte Suspension as .antigen

Individual rosette counts per 1000 cells are shown

in Pig. 95, and the mean values with their ranges are

tabulated in Tables 52 and 55. Apart from a few

individual values, the rosette counts in the tricaprin

and cholesterol oleate treated groups and in the group

receiving antigen only, were within the same range as

the spontaneous rosette count. The mean rosette counts

in the ethyl palmitate treated mice, on the other hand,

were substantially greater than the spontaneous value,

except on day 15* The total rosette counts in lymphoid

tissue could not be accurately calculated, but as

Biozai et al. (1967) suggested, a total lymph node cell
count of the same order as the normal spleen cell

count is probably a reasonable value. There was no

evidence, in these mice, from light microscopic exam¬

ination of the lymph nodes, that the ethyl palmitate

treatment evoked a gross change in the cell content of

lymph nodes. Taking a value in the same range as the

mean cell count in the untreated mouse spleens i.e.
6

51.5 + 14.5 x 10 , total lymph node rosette counts in

the range 162.8 x 10^ to 290.4- x 10^ at the peak of

the response on day 12 would be estimated. No such

response was apparent in the cholesterol oleate treated

group./
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Figure 93* Jiosette Oounts Per 1000 Lymph Node Cells
•The rosette counts on days 5 to 15 in mice
receiving the 10 per cent, sheep erythrocyte
suspension. The essential feature is the
increased response in the ethyl palmitate
treated mice.

S = Spontaneous rosettes U = Untreated.
T = Tricaprin, CO = Cholesterol Oleate.

up = Lthyl Palmitate.
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TABi*fi 52

UNTREATED AND LIPID TREATED MICE

ROSETTE COUNTS PER 1000 LYMPH NODE CELLS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN (10^
SHEEP ERYTHROCYTE SUSPENSION)

UNTREATED TRICAPRIN (20 mg.)

INTERVAL

NUMBER
OP

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

NUMBER
OP

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

DAY 3 9 0.14
0.00-1.00

9 0.13
0.00-0.48

DAY 6 17 0.55
0.00-1.30

8 0.59
0.00-0.56

DAY 9 20 0.61
0.00-1.30

8 0.26
0.00-0.52

DAY 12 18 0.24
0.00-1.00

7 0.54
0.00-1.08

DAY 15 12 0.19
0.00-0.70

4 0.12
0.00-0.46
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IABJ*. 33

UNTREATED AND LIPID TREATED MICE

ROSETTE COUNTS PER 1000 LYMPH NODE CELLS AT INTERVALS
OP 3 TO 15 DAYS AFTER THE INJECTION OP ANTIGEN (10*
SHEEP ERYTHROCYTE SUSPENSION)

ETHYL PALMITATE (90 mg.) CHOLESTEROL OLEATE (60 mg.)

INTERVAL

NUMBER
OP

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

NUMBER
OP

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

DAY 3 10 1.06
0.50-2.80

9 0.29
0.00-0.79

DAY 6 9 3.93
0.00-11.1

9 0.26
0.00-1.30

DAY 9 8 3.60
1.10-6.10

9 0.32
0.00-1.10

DAY 12 8 4.4
1.90-7.70

9 O.64
0.00-2.80

DAY 10 0.50
0.00-1.20

8 0.35
0.00-1.40
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group. If the total lymph node cell count was of this

order then the combined response elicited from spleen

and lymph node cell suspensions in the ethyl palmitate

treated group would have exceeded that in the cholesterol

oleate treated group. The magnitude of the lymph node

response is of particular note when the low level of

antigen retention in the lymph nodes is considered. In

the distribution studies using IQ per cent. ^*0r-
labelled erythrocytes, a maximum level of a u.II per cent,

of the injected dose was found in a ma3s of lymph nodes

representing a substantial proportion of the total

lymphoid tissue.

This experiment, therefore, showed that it was

possible to evoke an increased rosette response by lymph

node suspensions using ethyl palmitate treatment that

induced little change in the percentage retention of

antigen in the nodes. A much larger amount of the

injected dose was retained in the bone marrow of the

ethyl palmitate and cholesterol oleate treated mice and

clearly it would have been of considerable value to have

obtained estimates of the rosette counts in bone marrow

cell suspensions from these mice.
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x£cperiment Using 2o5 per cent, oheep
ciT.ythroc.ytes as untigen

Individual rosette counts per 1000 cells are shown

in Fig. 94, mean values and their ranges are tabulated

in Table 34.

The rosette counts per 1000 lymph node cells showed

only slight deviation from the spontaneous rosette count

for the most part. In the cholesterol oleate treated

group, the mean value was raised slightly by the presence

of two high counts on day 9* Iu the ethyl palmitate

treated group, the mean value was slightly raised on

day 6, and a slightly larger increase in the mean count

was found on day 15» but without the single very high

count, the latter mean value would be at the upper limit

of the range of the spontaneous count (about 1.4). This

pattern of response in the ethyl palmitate treated group

differed from that after the larger dose of antigen and

it is evident that the lymph node response in mice

treated with ethyl palmitate was dose dependent#
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figure 94. Rosette Counts Per 1000 lymph Node Cells
The rosette counts from days 5 to 15 in mice
receiving the 2.5 per cent, sheep erythrocyte
suspension are shown. There is no increase
in the counts in the ethyl palmitate treated
mice comparable with those found after the
larger dose of antigen.
3 = Spontaneous rosettes U = Untreated.
T = Tricaprin, CO = Cholesterol Oleate.

mP * Sthyl Palmitate.
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HA.BL8 54

UNTREATED AND LIPID TREATED MICE

ROSETTE COUNTS PER 1000 LYMPH NODE CELLS AT
INTERVALS OP 5 TO 15 DAYS AFTER THE INJECTION
OP ANTIGEN (2.5$ SHEEP ERYTHROCYTE SUSPENSION)

UNTREATED TRICAPRIN (20 mg.)

INTERVAL

NUMBER
OP

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

NUMBER
OF

ANIMALS

MEAN ROSETTES
PER 1000 CELLS

AND RANGE

DAY 3 7
o•

"3"
T-

KN•

1

o
ooo

8 0.34
0.00 - 0.98

DAY 6 7 0.29
0.00 - 0.82

8 0.51
0.00 - 3.70

DAY 9 6

O o0
o

1• oo VJ1 rv)
7 0.08

0.00 - 0.58

DAY 12 8

o o0
o
1• oo r\3

8

O O0O 1 O CD ro

DAY 15 8 0.43
o.oo - 1.59

7 0.30
0.00 - 1.01

ETHYL PALMITATE (90 mg.) CHOLESTEROL OLEATE (60 mg.)

INTERVAL

NUMBER
OP

ANIMALS

ROSETTES
MEAN AND
RANGE

NUMBER
OF

ANIMALS

ROSETTES
MEAN AN
RANGE

DAY 3 8 0.17
0.00 - C.63

8 0.22
0.00 - 1.09

DAY 6 7 1.14
0.40 - 1.98

8 0.57
0.00 - 1.85

DAY 9 10 0.61
0.00 - 1.56

9 1.17
0.00 - 5.56

DAY 12 7 0.71
0.00 - 1.43

7 0.56
0.00 - 2.07

DAY 15 7 2.86
0.00 - 11.10

5 0.44
0.00 - 1.23



-258

electron Microscopic anamination of Kosettes

electron microscopic examination was carried out

on rosettes derived from spleen cell suspensions

obtained from mice injected with antigen (0.1 ml. 10

per cent, sheep erythrocyte suspension) 6 days previous^.

Four untreated mice and four mice treated with 60 mg.

cholesterol oleate 24- hours before the antigen injection

were used. Sections, thick, of the mpon embedded

cell preparations were used to locate rosettes and

electron microscopic examination was used to identify

the cell types. In fact, there was little difficulty

identifying cell types in the Iyu thick sections and
Figure 95 shows two rosettes in one of which there is

a lymphocyte and in the other a plasma cell. Both of

these cells were examined electron microscopically and

figure 96 shows the same lymphocyte rosette as that seen

in the illustrated IyH thick sections. About ten rosettes
were examined electron microscopically in the two groups

of cell suspension, electron microscopic examination

did not reveal any notable difference in the character

of the cells forming rosettes in these two groups and

the following remarks refer to both groups.

The cells forming rosettes conformed to two types:

lymphocytes and plasma cells. The lymphocytes could be

graded into different sizes and differed in the number

of cell organelles, but all appeared to contain many

ribosomes and in this respect conformed to an immuno-

blast type of cell. The presence of a plasma cell

rosette/
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Figure 95* Immuno-cy toadherenc ©

Two immune rosettes are shorn; one is
a plasma cell rosette (right).
A preparation of spleen cells prepared
6 days after the injection of the 10
per cent, sheep cell suspension.
Fixed by Hirsch-Fedorko method, jipon
embedded, a I/ksection stained with
toluidine blue.
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ffigure 96. Immuno-cytoadherence
An immune lymphocyte rosette showing
"close fit" adherence. J?ixed by Hirsch-
Fedorko method, Apon embedded, stained
with lead citrate.
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rosette in the present limited study is of significance

in so far as it shows that rosettes can be formed by a

cell type commonly associated with antibody production.

No rosette-forming macrophages were found, but this

type of examination does not exclude this possibility.

Nevertheless, the balance of evidence favours the view

that the great majority of rosettes were formed by

lymphocytes, many cf which contained numerous ribosomes.

Two typos of contact between erythrocytes and the

lymphocytes have been described (Gudat and Villiger,

1973)• "Close fit contact" is shown in figure 9h and it

is evident from the saucer-shaped impressions on the

surface of the lymphocyte, with close apposition of

large areas of erythrocyte surface, that such contact

affords the opportunity for many receptors on the

lymphocyte surface to interact with antigenic deter¬

minants on the erythrocyte cell membrane. What may be

"point contact" is shown in J?ig. 97* It can be inferred

that such contact allows relatively few determinants

to interact with lymphocyte surface receptors.

Small, dense, membrane bound bodies, often of a

similar electron density to that of erythrocytes, were

numerous in the cell preparations. Their precise

identity is uncertain, but some of them were found in

close contact with lymphocytes forming rosettes and it

is probable that they represent erythrocyte fragments,

in which event, their contact with lymphocytes may not

have been fortuitous, but may have been occasioned by

the/
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Figure 97 • Immuno-cytoadherence
So called "point contact" between
erythrocytes and a lymphocyte is
shown. Fixed by the Hirsch-Fedorko
method, jsipon embedded, stained with
lead citrate.
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the presence of antigenic determinants on the fragments

of erythrocyte memorane.

The contact between lymphocytes and erythrocytes

may differ substmtially from the contact between

macrophages and erythrocytes. Having had the opportunity

to examine macrophage rosettes in human spleen cell

suspensions using homologous human erythrocytes and

spleen cells from a patient with autoimmune haemolytic

anaemia, a distinct difference in the type of contact

was found. The area of contact with macrophages is

usually much larger and tends to involve several pro¬

longations on each erythrocyte which can penetrate

invaginations on the macrophage surface, such contact

was never seen in rosettes from the present material.
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Histological Changes in the Spleens of Lipid Treated
Mice Injected with IQP oheep erythrocytes

The primary immune response in the spleen is

associated with histological changes that have been

fully described by Hanna (1965), Hanna et al. (1966)

and i'ranzl and McMaster (1968) and require no reiteration

here. Nevertheless, because of the possibility that

sequestration rather than phagocytosis might have been

responsible for the early localisation of sheep erythro¬

cytes in large amounts in the spleens of mice treated

with cholesterol oleate, evidence of erythro-phagocytosis

was sought. Stainable iron deposits were readily apparent

in the red pulp 4 hours after the injection of sheep

erythrocytes. The amount in these mice tended to be

in excess of that in untreated mice and in mice receiving

sheep erythrocyte injection only, at the same period.

The amount of stainable iron in trieaprin-treated mice

was also greater at 4 hours than in the control mice,

whereas very scanty amounts of iron were detected in

the spleens of ethyl palmitate treated mice. In all

groups of mice stainable iron was evident in scattered

cells within malpighian bodies one day after injection

of sheep erythrocytes, as well as in the red pulp

although the amount was very small in ethyl palmitate

treated mice.

The possibility was considered that the large

amounts of sheep erythrocytes localised in the spleen

in mice pre-treated with cholesterol oleate might have

initiated/



initiated a response akin to that descrioed by Cerny

and Viklicky (1969)* These workers observed that large

doses of antigen produced weak immune responses, as a

result of inhibition of antibody forming cells. The

"paralysing" treatment, as they termed it, consisted

of several daily injections of human serum albumin into

mice. Within 6 to 12 hours of the first injection,

massive "disintegration" of the lymphocytes around the

centre of the lymphoid follicles of the Malpighian

bodies occurred and the red pulp tended to be cleared

of lymphocytes. These changes diminished within 12 to

24 hours, by which time the follicles enlarged and

contained numerous pyroninophilic cells. Pyroninophilic

cells also appeared in the red pulp. Germinal centres

did not appear during this treatment, mice previously

rendered tolerant by this treatment did not show the

follicular pyroninophilic cell response but showed other¬

wise similar changes after re-immunisation. •

The pyroninophilic cell responses in mice pre-

treated with the three lipids and injected with sheep

erythrocytes were essentially similar to those in mice

that received antigen only. The main features were that

all groups of mice showed germinal centre formation by

the 6th to 8th days after the injection of antigen,

pyroninophilic cells were numerous in the red pulp

and in the white pulp by the same time. Regenerating

cells in the red pulp of the spleens of ethyl palmitate

treated mice that v.ere implicated in the advancing zone

of reparative tissue were readily distinguished from

pyroninophilic/
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pyroninophilic cells apparently involved in the immune

response. Treatment with cholesterol oleate or ethyl

palmitate alone did not induce germinal centre formation

or a similar type of pyroninophilic cell response in

the red and white pulp up to 16 days after treatment

with these lipids. It is possible to infer from these

findings, that immune paralysis or tolerance had not

been induced by lipid treatment although partial

tolerance might perhaps have occurred without the

characteristic changes in the pyroninophilic cell

response and germinal centre formation.

Histological Changes in the j-ymph Nodes of rapid
Treated Mice Injected with Hheep erythrocytes

wb.en examined in a blind study no diagnostic

pattern of histological changes was noted in any group

of mice and it was not possible to isolate the nodes

of any group using haematoxylin and eosin, methyl

green, pyronin or Perl*s stains.
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The affect of Cholesterol Qleate Treatment on dplenic
weight, and (Jell Count and Uptake of Tritiated

Thymidine by the Spleen and Bone narrow

enlargement of the spleen was a constant feature

in mice treated with cholesterol oleate. The data in

Table 35 shov/s that the injection of 60 mg. cholesterol

oleate induced an increase in the mean spleen weight

from 0.105 S- to 0.183 g» between the second and third

days after an injection of 60 mg. of the lipid. This

was associated with an increase in the cell count from
6 6

162.5 x 10 on the second day to 263•6 x 10 on the

third day. The mean weight and count remained in the

same range on the fourth day. The mean tritiated

thymidine uptake by the spleen increased from a level,

on the first day of 47.9 + II.4 nci, similar to the

control level, to 77*9 + 10.0 nci on the second day.

The uptake increased to a peak level of 191*2 nci on

the third day.

The increases in the tritiated thymidine uptake

from 47.9 + II.4 nci to 77*9 + 10.0 nci between the

second and third days after the injection of lipid was

not associated with an increase in the cell count at

this time. This finding suggests that the subsequent

early increase in the cell count might have been due to

proliferation of resident cells in the spleen.

Because the mice used in this experiment were older

and heavier than those used in the previous studies, a

second experiment was conducted using mice of an age and

weight (18-21 g.)f corresponding to those generally

used/
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TABLE 35

THE SPLENIC WEIGHTS AND CELL COUNTS
AND TRITIATED THYMIDINE UPTAKE IN
MICE INJECTED WITH CHOLESTEROL OLEATE

TREATMENT NUMBER BODY SPLEEN SPLEEN SPLEEN
AND OF WEIGHT WEIGHT CELL TRITIATED

INTERVAL MICE (g) (g) COUNT THYMIDINE
x 106 UPTAKE nci

UNTREATED 17 26, fl 0.082 170.1 46.0
±5.2 ±0.015 ±55.1 ±16.4

CHOLESTEROL
OLEATE

DAY I 7 26.1 0.095 159.1 47.9
±5.7 ±0.010 ±22.1 ±11.4

DAY 2 4 27.5 0.105 162.5 77-9
±2.4 ±0.016 ±28.8 ±10.0

DAY 5 4 27.5 0.183 263.6 191.2
±1.7 ±0.031 ±45.0 ±55.5

DAY 4 4 27-7 0.176 252.3 126.0
±1.4 ±0.030 ±16.9 ±55.8
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used in the present studies. It was considered that

part of the increase in the cell count in the spleen

might have been due to migration of cells from the bone

marrow so the tritiated thymidine uptake by the bone

marrow was estimated per million cells in order to

investigate this possibility•

The data in Table 36 shows that the cell count in
6

the spleen rose from a mean level of I2U.0 x 10 one
6

day after the lipid injection to 213.4- x Io on the

second day and remained at about this level (187*3 -

260.5 x 10 ) for the remainder of the six days. In

these mice, the increased cell count occurred one day

before the increase in the splenic weight and cell

count in the previous experiment suggesting that the

proliferative stimulus of a dose of 60 mg. cholesterol

oleate was more pronounced in the smaller mice. The

mean tritiated thymidine uptake by the spleen also

showed a different pattern than that in the previous

experiment. An increase was evident one day after the

injection of lipid, to 89.4 + 18.2 nci from a control

level of 41.I + 13*2 nci. The levels were raised on

the second day (77*9 + 4.0 nci) and the third day

(108.5 + 35*9 nci), but on the fourth day a further

large increase to 34-9*0 + 73*3 nci occurred. The levels

declined on the fifth and sixth days from this peak

level. The results in this experiment showed that the

early increase in the tritiated thymidine uptake and

the initial rise in the cell count both occurred one

day/



THE SPLENIC CELL COUNTS AMD TRITIATED
THYMIDINE UPTAKE BY THE SPLEEN IN MICE
INJECTED WITH CHOLESTEROL OLEATE

TREATMENT
AND

INTERVAL

NUMBER
OP

MICE

SPLEEN CELL
COUNT X 10°

THYMIDINE

nci/SPLEEN
UPTAKE

nci/106 CELLS

UNTREATED 6 126.0
±17.3

41.1
±13.2

0.33

CHOLESTEROL
OLEATE

DAY 1 4 120.0
±17.3

89.4
±18.2

0.75

DAY 2 4 213.4
±54.2

77.9
±4.0

0.36

DAY 3 4 240.0
+84.2

108.5
±35-9

0.45

DAY 4 4 243.1
±41.5

349.0
*73.3

1.47

DAY 5 4 187.3
±42.8

269.3
*118.5

1.43

DAY 6 4 260.5
±97.5

117.3
*21.6

0.45
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day earlier than in the previous experi ment.

The mean tritiated thymidine uptake per 106 cells

by the femoral bone marrow showed two peaks on the first

and fourth days after the injection of lipid and the

general level (0.66 - 1.23 nci) was greater than the

control level from the first to the fifth days dropping

to the control level on the sixth day (fable 37;.

Calculation of the splenic uptake per 10® cells (fable

36) also showed two peaks, one on the first day and the

other on the fourth to fifth days after the lipid

injection.

The autoradiographic study showed that the labelling

of cells in the spleen was mainly in the red pulp with

fewer, scattered, labelled cells in the white pulp

(fig. 98). The red pulp labelling was more conspicuous

on the third and fourth days than on the second day and

was substantially greater than in control spleens, a

few of the labelled red pulp cells contained clear

vacuoles, indicating th t some lipid-containing cells

were preparing for division. In the liver, a similar

increase in labelled sinus-lining cells was found and

some of th'se contained clear vacuoles (fig. 99), few

labelled hepatocytes were found. Bone Marrow showed

very heavy labelling affecting many cell types.

The distribution of labelled cell3 in the spleen

and liver is in keeping with the distribution of macro¬

phages in these org as. Th© presence of labelled,

vacuolated cells is in keeping with the previous

inference/
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TaBL^; 37

THE TRITIATED THYMIDINE UPTAKE BY THE
FEMORAL BONE MARROW IN MICE INJECTED
WITH CHOLESTEROL OLEATE

TREATMENT
AND

INTERVAL

NUMBER
OF

MICE

BONE MARROW
CELL COUNT

(X106)

THYMIDINE

nci/SAMPLE
UPTAKE

nci/106 CELLS

UNTREATED 6 23.6
±6.8

11.6
±4.3

0.49

CHOLESTEROL
OLEATE

DAY I 4 17.1
±3.5

21.0
±5.2

1.23

DAY 2 4 20.0
±9.8

13.2
±5.3

0.66

DAY 3 4 17.5
±3.7

10.2
±3.9

0.58

DAY 4 4 25.5
±10.0

32.1
±11.0

1.22

DAY 5 4 30.7
±11.8

24.4
±5.7

0.79

DAY 6 4 19.1
±2.8

8.7
±1.4

0.45
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Figure 98. Gholesterol Oleate Treated Spleen
The autoradiograph shows labelling with
tritiated thymidine mainly localised in
the red pulp and to a lesser extent in
the marginal zones and white pulp.
Formalin fixed paraffin section, stained
with Meyer*s haemalum.



-2?4-

Figure 99* Cholesterol Oleate Treated liver
The autoradiograph shows labelling with
tritiated thymidine of cells within liver
sinusoids. Labelling of a vacuolated cell
is apparent (centre). Three days after the
lipid injection. Formalin fixed paraffin
section, stained with Meyer*s haemalum.

X 1,500.



inference derived from the morphological studies that

resident m acrophages may be oapable of division, waile

the histological pattern of tritinted taymidine liptake

is also consistent with this inference. The increased

tijymidine uptake by taa spleen on the first day corres¬

ponded to the first peak in the uptake per 10 cells.

Because this peak occurred one day before the rise in

the cell count it is possiole that this peak might have

been due to the labelling of resident splenic macrophages.

A peak in the uptake in the oone marrow occurred. on the

first day, but in view of the splenic cell count at this

time these colls probably did not contrioute to the early

peak in the splenic tritiatad thymidine uptake. ->ons of

the increase in spleen cells on the second day could

perhaps be attributed to migration of cells that prolifer¬

ated la the bone marrow during tne previous day# The

second peaks in taa splenic and bone marrow tritinted

thymidine uptake indicate tat continued migration of

bone marrow derived ceils could have contributed to the

sustained increase in the splenic cell count.

kroia these findings it would appear that cholesterol

oleate injected intravenously may induce early prolifer¬

ation of resident macrophages in the spleen and liver,

including cells containing the lipid. Proliferation

of bone marrow monocyte precursors probably occurs at

the same time. The resultant increase in bone marrow

derived monocytes could contribute to the increase in

the macroph ge populations in the spleen and liver. The

difference in the time of the early increases in the

splenic/
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splenic tritiated thymidine uptake and cell counts in

these two experiments suggests that in the larger mice

there might have been a smaller contribution by prolifer¬

ating resident macrophages, but this finding is judged

to require further study, as is the biphasic bone marrow

response#
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The Mechanism of Blockade of the- Reticulo-endothelial
Induced by Simple Lipids

Investigation of the phagocytic activity of the

RSS has been considerably advanced by the application

of various tests of vascular clearance of simple coll¬

oidal preparations (Halpern et al. 1951; Zilversmit

et al. 1952; Biozzi et al. 1955; Benacerraf et al.

1954, 1955 a, 1957 a; Dobson, 1957; Neukomm et al.

1957; Juhlin, 1958; Di Luzio and Riggi, 1964 a;

Haugen et al. 1969)• This method has been augmented

by in situ and isolated liver perfusion techniques.

(Howard and v.ardlaw, 1958; Jeunet and ^uitt, 1962;

Filkins et al. 1965; Jennet and Good, 1967, 1969),

and a liver slice technique (Saba and Di Luzio, 1965)#

Cell culture methods using peritoneal, alveolar and

hepatic macrophages have complimented and extended

knowledge of the factors that might influence the

phagocytic activity of different populations of macro¬

phages (Rabinovitch, 1968).

Considerable reliance has been placed on clearance

data as a measure of the phagocytic activity of the

RiiiS in conditions of blockade. Because of this, it is

pertinent to consider if such an interpretation is

fully justified. From the evidence provided by the

studies of Halpern e_fc al. (1951) and others, it has
been widely accepted that the phagocytic function of

the RiiiS is the main factor limiting the rate of

clearance of a test colloid, under physiological con¬

ditions. Certain variables such as the strain of

animal/
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animal (Benacerraf et al. 1957 a) and the character

of the test colloid (Benacerraf et a_U 1957 a; Dobson

1957; Neukomm et al. 1957) are generally acknowledged

to give rise to discordant results. The character of

a test colloid is no doubt altered by contact with

plasma, but there is controversy about the role of

opsonins in the clearance of inert particles. (Stiffel

et al. 1970; Saba, 1970 b). The postulated role of

platelets in the clearance of colloidal carbon from

the blood (Dobson et al. 1967» 1971; van Aken and

Vreeken, 1970; Donald, 1972; Donald and van't Hall,

1975) suggests that it may be an important rate-

limiting factor.

The dominance of macrophage activity in the

vascular clearance of colloids is questionable in

pathological conditions affecting the RS3 and there

is evidence to suggest that several otaer factors be

implicated, to an extent that significantly alters

the kinetics of clearance.

The factors that have been shown to influence

clearance of test colloids in various experimental

situations are as follows:-

1. Hepatic macrophage activity.

2. Extra hepatic macrophage activity.

3. Endothelial phagocytic activity.

4-. Non-phagocytic pulmonary and splenic

sequestration of particles.

5. Platelet trapping of particles.

6./
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6. Hepatic blood flow.

7# Interaction of particles with plasma factors.

Ida intervention of factors that perhaps play an

insignificant role under physiological conditions,

implies that different interpretations might have to be

applied to clearance data in different experimental

situations.

lire relationship between the concentration of a

test dose of colloid in the blood and time is commonly

expressed by the exponential function.

at ■ V ~kt (°r °t = °o10 "kt| Biozzi ai*
1953). ..here 0Q and 0t are the colloid oonoentxationa
at a time t and at zero time ka is the rate constant.©

This relationship, however, i3 not strictly correct,

according to Dobson (1957)» Parker and Finney (I960),
Fred and Shore (1967), Fred et al. (1967, 1970), Gabrielli

and One11 (1965), Jacques (1969) and Vernon-Roberts

(1972). Nevertheless, for many purposes it is thought

to be a useful approximation. In pathological conditions,

the possibility that factors may operate that do not

obey the same exponential law, introduces unknown

variables. The following part of the discussion is an

attempt to evaluate the significance of the various

factors that might influence clearance in conditions

of blockade due to simple lipids and considers the

factors that might be implicated In the genesis of

blockade.
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Clearance by Different Compartments of the RES
Clearance by Hepatic Macrophages

From the findings of Zilversmit est al. (1952),
*

Biozzi et al. (1953)i Benacerraf et al. (1957 &) and

Di Luzio and Riggi (1964), it is evident that the rate

of clearance of simple colloids from the circulation

of previously untreated animals is mainly a function of

the phagocytic activity of the hepatic macrophages. The

use of relatively small doses of test colloid to measure

clearance rates, as recommended by Stiffel (1958) tends

to accentuate the role of hepatic macrophages. ..hen

there is substantial reduction in the localisation of

test particles in the liver, as was found in mice treated

with cholesterol oleate and ethyl palmitate, the clear¬

ance rates reflected this change and were reduced. In

untreated and tricaprin treated mice, the smaller dose

of erythrocytes (2.5 per cent, suspension) was localised

in the liver in greater pxloportions than the larger dose

(10 per cent, suspension) and these proportionate increases

in hepatic localisation were reflected in the more rapid

clearance of the smaller dose compared with that of the

larger dose.

In mice treated with ethyl palmitate and cholesterol

oleate, there was also a tendency for a larger proportion

of the smaller dose of erythrocytes to be localised in

the liver compared with the larger dose, at least initialy.

Clearance rates were slower in the ethyl palmitate

treated mice than in the cholesterol oleate treated mice,

but these differences did not correlate well with the

differences/
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differences in the hepatic localisation'' of erythrocytes

in these two groups; a larger proportion of the injocted

dose being localised in the liver in the ethyl palmitate

treated mice than in the cholesterol oleate treated mice,

i&tra-hepatic Clearance

In the present studies, the differences in th©

clearance rates in the different groups of mice were in

some measure related to the different amounts of labelled

sheep erythrocytes localised in the extra-hepatic compart¬

ments of the R33,

In the cholesterol oleate treated mice, splenic

localisation accounted for a substantial proportion of

the injected dose. In the ethyl palmitate treated mice,

splenic localisation was slight and the bone marrow

localisation was more important. Information about the

relative rates of clearance of the different extra-hepatic

compartments of the R33 is scanty. The tendency for the

bone marrow to localise chromic phosphate particles of

intermediate size preferentially, was observed in rabbits

by Gofrnan (1949)1 but as Dobson (1957) pointed out, there

are species differences in the distribution of particles

of a given particle size. Bone marrow clearance of

chromic phosphate particles of intermediate size is slow

in comparison with the rapid clearance of particles of

large size by the liver and spleen (Dobson, 1957)» and

this may explain why the clearance of chromic phosphate

particles of heterogeneous size does not follow a simple

exponential law (Neukomm £t al. 1957)*
Singer/
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Singer et al. (1969) demonstrated that polystyrene

latex particles of uniform size (2t50ol) were not

cleared exponentially and tb.at the clearance rate was

not affected by varying the dose, They observed that

there was early pulmonary localisation of many of the

particles. Pulmonary localisation was thought to be a

function of the surface charge of particles by Wilkins

and layers (1966). They used iso topically labelled,

polystyrene latex particles, modified by coacervation

with polylysyl gelatin and gum arabic followed by micro¬

electrophoresis. Injection of particles of different

electrophoretic mobilities into rats was associated

with different rates of clearance and different

distributions in the tissues. .Positively charged

particles were sequestered for a short period in the

lungs, then later localised in the spleen. Negatively

charged particles localised immediately in the liver.

Uptake of particles by the lungs is clearly

involved in the clearance of lipid particles more than

about 4/*in size (Cooper, 1964; Di Luzio and wooles,

1964; Blickens and Di Luzio, 1965 a). Dobson (I957)t

Neukomm et al. (1957) and Singer e_t al. (1969) demon¬
strated that particles of chromic phosphate and poly¬

styrene latex particles of uniform size were temporarily

trapped in the lungs and that this process was nob

necessarily associated with phagocytosis of particles.

In the present studies, the pattern of retention
CT

of v Cr-labelled erythrocytes in the lungs of ethyl

palmitate/
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paImitate treated mice suggested that sequestration

rather than phagocytosis was responsible for the high

initial values (15 per cent, to 18 per cent, of both

doses of erythrocytes, one hour after injection). The

levels three days after injection were virtually at

control levels indicating a rate of decay in the

localisation of labelled cells that was not found in

other RiSS organs at the same periods. The situation

with regard to cholesterol oleate treated mice was

essentially similar, although the initial levels in

the lungs were lower /and the rates of disappearance

were more rapid. The relatively rapid rates of

disappearance of radio-labelled erythrocytes from the

lungs paralleled the disappearance rates in the

circulation, but the amounts initially localised in

the lungs was greater than could be explained by the

amount of blood circulating the lungs.

Localisation of particles in the lungs due to

sequestration was shown by Halpern et al. (1953)
to yield clearance data that were not exponential

functions of time when doses of India ink more than

16 mg/IOO g body weight were injected into rats. They

considered that the shellac content in India ink was

sufficient, in doses more than 16 mg per 100 g body

weight,to activate the blood coagulation mechanism.

Fibrin formation around carbon particles in that

situation was thought to be the factor enhancing

pulmonary vascular sequestration.

The/
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51
The large amount of ^ Cr-labelled erythrocytes

localised in the spleen in mice treated with choles¬

terol suggested that early sequestration of erythrocytes

might have been a significant factor determining the

rate of clearance. Jandl et al. (1965) demonstrated

that damaged autologous and homologous erythrocytes

were trapped in the marginal zone of the spleen and

that phagocytosis did not become conspicuous for

several hours. Localisation of carbon and saccbarated

iron oxide in the marginal zone, with subsequent

movement into the red pulp suggested to Snook (1964)

that a process of splenic trapping was the initial

event. The presence of evidence of inefficient phago¬

cytosis In vitro by peritoneal macrophages from

cholesterol oleate treated mice is also in keeping with

the hypothesis that the relatively large amounts of

carbon and sheep erythrocytes localised in the spleen

was initially determined by a process of splenic

trapping.
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Platelet Trapping as a Factor Influencing Clearance

Intravenous injection of carbon particles is

associated with reduction in the number of circulating

platelets (Donald and van*t Hall, 1973)# Attachment

of particles to platelets was shown by van Aken and

Vreeken (1970) and Donald (1972 a) to be implicated in

the early phase of clearance of colloidal carbon,

although Dobson et al. (1971) failed to depress carbon

clearance with anti-platelet antibody. Attachment of

polystyrene latex particles to platelets was demonstrated

in vivo by Singer et al. (1969)* These workers also

observed engulfment of particles by platelets, as did

Burke and Simon (1970). Dobson et al. (1967) found that

repeated injections of colloidal carbon at hourly

intervals resulted, not in blockade, but in enhanced

clearance of each succeeding dose. Dobson et al. (1971)

showed that there v/as a close correlation between

clearance of repeated doses of carbon and disappearance

of platelets from the circulation. The initial dose

tended to induce platelet sequestration in the spleen

and it was suggested that the presence of these platelet

aggregates encouraged splenic localisation of the

subsequent injections of carbon particles, van Aken

and Vreeken (1970) invoked an hypothesis of localised

activation of fibrinolysis which could disaggregate

platelet clumps, liberating carbon to be phagocytosed.

They noted that carbon clearance was influenced by

inhibition and activation of fibrinolysis in ways that

conformed/
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conformed with their hypothesis*

According to marker and Finney (I960;, blockade

due to carbon is demonstrable only after a latent

period of about hours after the infection of the

blocking dose* Dobson et al* (1967) induced prolong¬

ation of the latent period by giving repeated injections

of carbon during this time* It is conceivable that

carbon trapped by platelets is not released for several

hours* The release of carbon afterwards might act by

"saturating" macrophage surface receptors or binding

sites, thereby producing blockade* Whatever the precise

mechanism involved in the induction of blockade in these

circumstances, the existence of a platelet trapping

system implies that clearance rates might reflect the

activity of this system to some extent*

.pre-treatment of rabbits with tubercle lipid 15

minutes before injection of colloidal carbon by the

same (intravenous) route was shown by Donald and van't

Hull (1973) to depress carbon clearance, whereas, if

the interval between injections was four hours, enhanced

carbon clearance was found* endotoxin pre-treatment at

the same intervals had a similar effect* Both pre-

treatments induced a large reduction in the number of

platelets at 15 minutes with some recovery at four hours*

The depressed carbon clearance 15 minutes after the

injection of lipid or endotoxin was correlated with, the

drop in the number of platelets* Biphasic carbon

clearance curves were found when carbon was injected

four/
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four hours after lipid or endotoxin. The partial

recovery in the number of platelets four hours after

lipid or endotoxin was associated with enhanced attach¬

ment of carbon to platelets. The biphasic clearance

curve in this situation was thought to result from the

enhancement of platelet clearance (Donald 1972 b,c).

When the interval between the injection of

tubercle lipid and colloidal carbon was increased to

18 hours, or more Donald and Pound (I97I» 1973) found

that attachment of carbon to platelets was normal, but

increased numbers of macrophages were active and the

enhanced carbon clearance rates showed first order

kinetics. This time interval is important and is

roughly the same as the time interval, between the

lipid injections and the injections of colloidal carbon,

generally used in the present experiments. In these

experiments no trapping of carbon by platelets was seen

in the liver or spleen. Furthermore, it seems

improbable that, in the experiments using sheep erythro¬

cytes, erythrocytes would be trapped by platelets.

Accordingly, there is no definite evidence that plate¬

lets were implicated in the differing kinetics of

clearance in the present experiments. It is possible

that intravascular platelet aggregation might have

played a part in the genesis of the splenic necrosis,

but this was not readily apparent on electron micro¬

scopic examination.
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iSndothelial Phagocytosis as a Factor Influencing
Clearance Rates

The effect of endothelial phagocytosis probably

cannot be ignored in conditions of HISS blockade, but

this effect has not been quantitated. Under physio¬

logical conditions orthodox vascular endothelium is

phagocytic only to a slight extent. (Benacerraf et al.

1959; Aterman, 1963; Majno, 1964; Casley-Smith and

Reade 1964). The same is true of splenic sinus endo¬

thelium (Dorfman 1961; Burke and Simon, 1970), whereas

hepatic endothelium seems to have a greater capacity

to engulf particles such as Thorotrast (Wisse, 1972).

In this respect, caution has to be exercised in

judging reports of hepatic endothelial phagocytosis.

Phagocytosis by endothelial cells was described by

Carr (1970), Imai, sue and Yamaguchi (1967), Roullier

and Jezequel (1963) and Nicolescu and Roullier (1967),

in terms that suggested that endothelial cells were

precursors of Kupffer cells. Wisse (1970, 1972)

refuted their views and demonstrated, unequivocally,

in my opinion, that endothelial cells and Kupffer cells

are distinct, fully differentiated cell-lines.

Overloading with colloidal carbon revealed a

capacity for ordinary vascular endothelium to engulf

carbon (Benacerraf et al. 1959)* Relatively small

doses of carbon were shown by Collet and Policard

(1962) to be phagocytosed by rat pulmonary endo¬

thelium and Cotran (1965) found that comparatively

larger doses of colloidal carbon were phagocytosed by

myocardial vascular endothelium. Several injections

of/
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of sacch.arated iron oxide were required to label endo¬

thelial cells (Moore et al. I96I).

In a recent account of hepatic endothelial phago¬

cytosis, Wisse (1972) described the uptake of Thorotrast

by hepatic endothelial cells in normal rats# The

particles did not adhere to the endothelial cell

surfaces, but were present in significant amounts with¬

in aacropinocytotic vesicles within 3 minutes of

infection. This type of engulfment corresponds to the

"mixed type aadocytosis" described by Jacques (1969)

and does not seem to be associated with specific attach¬

ment reactions on the surface of the endothelail cell

(dmeis and Wisse, I97I| Wisse and Daems, 1970 b).

In the present studies, minimal endothelial phago¬

cytosis of carbon was observed in the livers of

untreated mice. In mice treated with cholesterol oleate,

endothelial phagocytosis 3eemad to be more conspicuous

and carbon tended to be localised initially in the

endothelial cells adjacent to vacuolated ilupffer cells.

It is possible that surface trapping by these Kupffer

cells might have been conducive to engulfment by endo¬

thelium abutting against them. It can be conjectured

that if endothelial phagocytosis is at all widespread

in conditions of HIS blockade due to lipids then it

might act as a significant rate-limiting factor in

the clearance of test particles. Jacques (1969),

considered that the kinetic law governing the uptake

of material by a process of "mixed typo endocytosis"

differed/
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differed from those governing the uptake of material

"by a process of surface adsorption. The latter process

is implicated in the phagocytosis of carbon and Thoro-

trast by macrophages (Toro et ad.. 1962; Wisse, 1972).

Therefore, if endothelial phagocytosis were a significant

rate-limiting factor in lipid induced blockade, the

kinetics of clearance of particles would be expected not

to be exponential#

The characteristics of the test particle used to determine
clearance rates.

The dose, particle size and surface characteristics

of the test particle are known to influence the rate of

clearance. (Dobson, 1957? Neukomm et al# 1957? Assidao

et al. 1964; wilkins and Myers, 1965? Drutz et al. 1967)*

The effect of the dose is implied in the relationship

K X Dose = Constant in many experiments (Biozzi and

Stiffel, 1965? Stiffel et al# 1970). In the present

studies, this relationship was not found in untreated

mice, probably due to the smaller (2.5 per cent#) dose

of sheep erythrocytes being sub-critical. Sub-critical

doses of colloid are cleared at a rate dependent on the

liver blood flow (Biozzi and Stiffel, 1965)#

The size of particles is of particular importance

in determining the clearance rate. Dobson (1957) showed

that large-sized chromic phosphate particles prepared in

unstable, sedimentable form were necessary to demonstrate

rapid, efficient phagocytosis. Intermediate sized

particles localised mostly in the bone marrow and were

cleared slowly, while even slower clearance of the

smallest/



smallest particles accounted for the long tail in the

clearance curve. 7,ilversmit et al. (1952; found that

colloidal gold particles of 10 mp* size disappeared
slowly, while those of 40 size were cleared rapidly

from the blood. Neukomm et al. (1957) demonstrated that

heterogeneous preparations of chromic phosphate were

not cleared exponentially, whereas homogeneous prepar¬

ations of particle size, about 500 &, were. On the

other hand, a tail was revealed in the clearance curve

that suggested the possibility that secondary hetero-

geniety might have occurred as a result of contact with

plasma. Ashworth et al. (1963) and Di Luzio and Riggi

(1964 b) observed that the size of lipid particles

determined their localisation in RLS cells so that

particles less than 100 my^(chylomicrons) tended to be
cleared by hepatocytes. Di Luzio and *vooles (1964) and

Blickens and Di Luzio (1965 a), found that methyl palmi-

tate particles of a size more than about ^ tended to
localise in the lungs to a greater extent than particles

of 3/* or less. The observations of Halpern et al.
(1953) Dobson (1957) and Neukomm et al. (1957) showed

that sequestration in the lungs diminished during the

first 24 hours or so after injection of India ink and

chromic phosphate, indicating that phagocytosis was not

responsible for the sequestration. An extreme example

of pulmonary sequestration is the localisation of about

80 per cent, of a dose of triolein emulsion found by

Cooper (1964). Farker and Finney (I960), Fred et al.

(1967) and Gabrielli et al. (1967) observed that carbon

particles/
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particles tended to form aggregates when, in contact

with serum. The tendency for colloidal carbon to be

ingested by Kupffer cells in aggregated form was noted

by Toro et al. (1962), Singer et al. (1969) and Wiener

(1967)* Judging from these observations and considering

it3 predominant localisation in the RB8 cells of the

liver and spleen (Biozzi et al. 1953; Benacerraf et al.

1957 a), even with doses as high as 48 mg per 100 g. it

would appear that colloidal carbon is present in the

circulation mostly in aggregated form. Such aggregation

corresponds to the secondary heterogeneity due to

contact with plasma postulated by Neukomm et al. (1957)*

In most circumstances the interaction of serum v/ii±i

colloidal carbon presumably has the fortuitous result

that its aggregate size is optimal for phagocytosis by

hepatic and splenic RES cells. On the other hand, it

can be conjectured that the tendency to aggregate and

the size of aggregates of particles may differ in lipid

treated mice compared with the state of particles in

control mice. The RiJS-blocking serum factor described

by Efclickens and Di Luzio (1965 b) in the serum of mice

treated with methyl palmitate might perhaps act by

inhibiting particle aggregation.

Liver blood flow and its influence on clearance rates

Intravenously injected particulate colloids such as

colloidal carbon and lipid test emulsion are predominantly

retained in the liver under physiological conditions.

The proportion of a dose, used to test phagocytic function,

that/
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that is retained in the liver and spleen is 85 per cent,

to 95 Per cent. (Benacerraf et al. 1957 a; Biozzi and

Stiffel, 1965? Di Luzio and Riggi 1964 a). Doses

below the critical dose are almost entirely localised

in the liver and the hepatic blood flow is the rate-

limiting factor. Clearance of such small doses forms the

basis for the use of the fractional clearance rates to

determine hepatic blood flow. (Benacerraf et al. 1957 b;

Dobson and Jones, 1952; Biozzi and Stiffel, 1965; and

Saba 1970 a).

The decrease in the phagocytic function of the ,RE

system after partial hepatectomy suggested to Benacerraf,

et al. 1955 b) that alterations in portal blood flow

might influence RES phagocytic function. Leong at al.

(1958) showed that 48 hours after partial hepatectomy,

there was increased retention of chromic phosphate by

the residual liver tissue. Stern and Duwelius (1959)

considered that the increased uptake of intraperitoneally

injected colloidal gold by the liver, 72 hours after

partial hepatectomy, was not due to altered blood flow

in the liver, but to proliferation of RES cells. Saba

(1970 a) selected a time 10 hours after partial hepat¬

ectomy to evaluate RES function, using colloidal carbon

and "^I-labelled, RE - test lipid emulsion. At this

time,cell proliferation had not begun and he observed

that there was depressed clearance, but that alpha

values were increased in the presence of unaltered

spleen weights. Perfusion of the residual liver was

increased/



-295-

increased by over 80 per cent, and tbere was 35 per

cent, increase in hepatic and splenic uptake per unit

weight, i»e. the perfusion rate was proportionately

greater than the increased efficiency of uptake. An

increase in the velocity of th<- blood flow in 3inusoid3

was thought to account for this discrepancy. Brauer

et al. (1956), for instance, showed that the hepatic

extraction efficiency was reduced when the velocity of

liver blood flow was increased.

Normann (1972) showed that carbon clearance in

isolated rat liver was not dependent on the liver

perfusion rate, when the rate corresponded to the normal

range of flow rates in vivo. A reduction in the flow

rate to less than half the normal rate was required to

deoress clearance rates. In the present studies, it

is evident that the smaller (2.5 per cent.) dose of

erythrocytes was probably sub-critical and therefore

its clearance was dependent on liver blood flow, in

untreated mice. The depressed clearance of this dose

in some mice treated with tricaprin is in keeping with

some reduction in liver olood flow, possibly due to the

hypertrophy of Kupffer cells. Hypertrophy of these

cells was even more conspicuous in cholesterol oleate

treated mice and it can be postulated that reduction in

hepatic perfusion was a significant factor in the

genesis of blockade due to cholesterol oleate. Never¬

theless, it is clear that clearance data alone do not

provide enough information to substantiate this

inference./
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interference. It is possible that reduction in liver

blood flow also occurred in ethyl palmitate treated

mice, but other evidence than clearance data indicated

that a failure of phagocytosis by many macrophages was

a more important factor depressing clearance rate.

The presence of foci of hepatocellular necrosis in

some mice treated with ethyl palmitate might have been

due to a direct cytotoxic effect of the lipid on hepatic

cells, but focal necrosis is also consistent with

patchy ischaemia, although physical occlusion of

hepatic blood vessels was not found.

Alterations in the blood flow to the spleen were
*

thought by Kawasaki and Finch (1972) to explain the
IK

reduced localisation of ethyl- C palmitate in the

spleens of Deer mice. These mice have very congested

red pulps as a result of chronic haemolytic anaemia,

deduced blood flow, no doubt, played a part in deter¬

mining the reduced initial localisation of carbon and

sheep erythrocytes in the spleens of ethyl palmitate

treated mice, in the presence of sustained high blood

levels of these particles.
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evidence Implicating plasma Factors in the Genesis
of Blockade of the R.S3

As a generalisation, serum factors are necessary

for the efficient phagocytosis of biological particles

including bacteria and heterologous erythrocytes

(Denys and neclef, 1895; Wright and Douglas, 1903;

Mudd et al. 1934; Rowley, I960; Saba, 1970).

Natural and immune antibodies that act as opsonins

have been termed recognition factors by Boyden (1963)

and their role in imparting discriminative activity to

macrophages has been stressed by Boyden (1966), Pisano

and Di Luzio (1970) and Bi .Duzio et al. (1972).

Cytophilic antibodies, although not strictly opsonins,

may be present in unimmunised animals (Nelson, 1969)
and it has been speculated that macrophages may require

only to recognise the cytophilic attachment sites on

antibodies to be able to recognise and phagocytose

particles (Pearsall and Weiser, 1970).

The role of complement components has been

reviewed by Boyden et al, (1965)s Austin and. Cohen

(1963) and Muhler-Bberhard (1968)# Briefly, complement

components may promote phagocytosis in reactions

involving natural antibodies and play a synergistic

role in the phenomenon of immune opsonisation. Non¬

immune phagocytosis of simple colloids and erythrocytes

does not seem to implicate complement according to

Stiffel et al. (197o).

Other factors probably contribute in promoting

phagocytosis in certain circumstances. These factors

include/
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include fibrin deposition on particles, unidentified

serum proteins, non-complement thermo-labile factors

and basic polypeptides (Halpern et al. 1953? Boyden

et al. 1965? Rabinovitch, 1968). The possible contri¬

bution of platelets and fibrinolytic mechanisms to the

clearance of particles (van Aken and Vreeken, 1970;

Dobson et al. 1971; Donald and van't Hull 1973)» has

already been mentioned. Artificial opsonisation, (Berry
and spies, 194-9; Habinovitch, 1970), such as treatment

with aldehydes, saline and the like can encourage the

interaction of bacteria and erythrocytes with macrophages

in the absence of serum, but whether this has any

relevance to particle recognition and phagocytosis in

the presence of serum or in vivo is difficult to evalu¬

ate (Rabinovitch, 1970).

The role of serum factors in the phagocytosis of

simple colloids is the subject of controversy. Fenn

(1921) and Nelson and Lebrun (1956) demonstrated that

phagocytosis of carbon, quartz and starch granules

required serum factors. Jenkin and Rowley (1961)

found that in conditions of blockade due to colloidal

carbon, test doses of carbon could be cleared at almost

the normal rate if they were pre-treated with foetal

pig serum. Murray (1963 a,b) described the apparent

particle specific nature of blockade and the ability of

heterologous and homologous plasma to restore clearance

to normal. Depletion of opsonins, facilitating clear¬

ance of carbon, due to aggregated bovine serum albumin

was/
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was demonstrated by Normann and Benditt (1965 a,b).

The enhancement of phagocytosis of colloidal

carbon, colloidal gold and aggregated, bovine serum

albumin by serum was shown using isolated perfused

liver preparations by ifilkins and smith (1965)» tfilkins,

Ohase and Smith (1965) and Jeunet and Good (1967, 1969)*
A liver slice technique was used by oaba and si Luzio

(1965» 1967 b) | saba, jjilkins and si Luzio (1966, 1967)»

Filkins and si Luzio (1966 a,b), kitchen et al, (1970),
Kitchen and megririan (1970) and si .uuzio et al, (1972)

to demonstrate the enhancement of phagocytosis of

colloid .1 gold, its-test lipid emulsion and aggregated,

heat denatured albumin by serum or heparinised plasma,

A substantial body of evidence of this kind suggests

that reticulo-endothelial blockade due to simple colloids

results from depletion of serum factors, (murray, 1965»

a,b| Normann and Benditt, 1965 a»£>} Jonmin arid nov/ley,

1961; filkins and dmith, 1965} fllkins, Ghase and

smith, I965» megirian, 1965; Guba ana .a. Luzio, 1967 b,

1969} Juenet and Good, 1967, 1969} megirian al.

1968j ,«egirian, et al, 1970} data, 1970 b).

deveral difierent serum ccm.± mm is .mve been

implicated in the clearance of colloids including

complement factors (dytel and dtollerman, 1965). iioat-

labile factors (lilkins, Ohase and dmith, 1965) aad

fibrin (xialpern et al. 1955)# Ourrentiy, these factors

are not usually accorded much importance in the genesis

of blockade, but various globulin fractions have been

more convincingly implicated and these have been

investigated/
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investigated in considerable detail. Gamma globulin

was implicated by Potter and Stollerman (1961), in the

opsonisation of Bentonite particles, a serum factor

required for the clearance of colloidal carbon was

removed from the serum by Normann and Benditt (1965 b),

using barium sulphate. Saba, Filkins and Di liuzio

(1966) found that this treatment removed a factor

required for the phagocytosis of colloidal gold. An

alpha-2-globulin was thought to be the responsible

factor. In contrast, Megirian et al. (1968) and

Megirian et al. (1970) reported that the opsonic factor

facilitating the phagocytosis of colloidal carbon was

a gamma globulin. Pisano and Di Jjuzio (1970) induced

blockade with RB-test lipid emulsion and found that

the factor restoring normal clearance rates of RB-test

lipid emulsion was an alpha globulin.

Using a liver slice technique, Kitchen, Megirian

and Laffin (1970), produced enhancement of phagocytosis

of colloidal gold with the beta-globulin fraction of

serum. They were unable to identify the precise factor

involved. From these findings it is apparent that

several globulin fractions may be involved in opsonis¬

ation of simple colloids. This was predicted by Saba

and Di Luzio (1965) ia their concept of a "multiple

opsonin system". This concept was proposed to explain

the differing opsonic requirements of aggregated

albumin of differing particle size, and the require¬

ments for opsonising colloidal gold. The findings of

Vaughan (1965 &,b) provide evidence of such a multiple

system./
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systam. Vaughan demonstrated that opsonins in the

globulin fractions of normal rabbit serum were required

for phagocytosis of a variety of particles by rabbit

peritoneal macrophages# The opsonins were found to be

specific for the test particle and different opsonins

could be adsorbed out of the serum with the different

test particles.
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The Character of the Blocking; and Jest Particles
and its Influence on the Interaction of Particles

with Serum Factors

Many of the situations in which blockade by simple

colloids has been demonstrated have been successful

only when the blocking and test particles have the same

surface characteristics. (Dobson and Jones, 1952;

Murray 1963 a,b; wagner and Iio, 1964; Koenig et al.

1965, Schapiro et al. 1966).

The possibility that the gelatin content used to

stabilise many colloidal preparations might determine

the specificity of blockade i?as suggested by Murray (1963

a,b), Normann and Benditt (1965 afb), Kampschmidt et al.

(1965) and Koenig et al. (1965). Dobson (1957) suad

Benacerraf et al. (1957 a), had earlier suggested that

the gelatin content of colloidal preparations depressed

the phagocytosis of gelatinised colloidal carbon and

chromic phosphate preparations. Dobson (1957) demon¬

strated that unstable, precipitatable preparations of

chromic phosphate were required for efficient phago¬

cytosis by the Eisa and that gelatin used for stabilising

the preparation diminished the rate of clearance.

Jenkin and Rowley (1961), Filkins and smith (1965),

and Murray (1963 a»b) postulated that interacts with,

or depletes, opsonins necessary for phagocytosis.

Previous injection of gelatin was shown by Filkins and

Di Luzio (1966a) to depress the clearance of gelatinised

and non-gelatinised colloidal carbon, but the clearance

of US-test lipid emulsion was augmented, whether or not

it/
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it was gelatinised, by such pre-trsatraent.

rhe findings of Filkins and ill Jjuzio (1966 b),

kitchen and Megirian (1970, 1971) and i)i Luzio, at al.

(1972), using a liver slice technique, suggested that

gelatin inhibits phagocytosis by interacting with opsonins,

thereby inhibiting adsorption of the opsonin/colloid

complex onto the phagocytic cell. Heparin pre-treatment

of liver slices enhanced phagocytosis possibly by

membrane activation, but its effect in contact with the

colloid mixed with serum tended to depress phagocytosis.

The plasma factor enhancing phagocytosis of gelatinised

HH-test lipid emulsion was found to be specific for the

gelatin moiety.
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.^'vldance that Opsonins are not Implicated

in Blockade due to Simple Colloids

Counter to the concept that opsonins are the main

rate-limiting factor determining the clearance of inert

particles from the blood are the findings of Siosal

at al. (1955 B)* 'Ehey found that the incubation of

tost carbon particles with normal aera from several

species • d with oera from ;is;B—stinm1ted rice treated

with 3. typhi or BOG did not affect their clearance.

The observations of Lirezmaa et al. (1967) that normal

rabbit, human, rat and hog sera did not reverse the

depressed clearance of colloidal carbon in. rabbits
treated with aggregated I wine serum albumin, tended

to confirm Biozzi's findings, rabbits were found to

lack an opsonin for colloidal gold by Pilkins and di

Luzio (1966 c). while Koenig et al. (1965) demonstrated

that, in rabbits blocked with gelatinised colloidal gold,

opsonins were not implicated. Biozzi et al. (1953)#

Beoacerraf et al. (1955 a)* Bioaai and stiffel (1965)

and Stiffel, Mouton and. Biozai (1970) asserted that

blockade of the retlculo—endothelial system due to

simple colloids is the result of "saturation" of macro¬

phages. Progressive increase in Blockade was demon¬

strated by repeatedly injecting test doses of carbon

or aggregated albumin, each given after the previous

dose had been cleared from the circulation. Colloid

competition, as between saocharated iron oxide and

carbon, albumin complex and carbon, and carbon and

pigeon/
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pigeon erythrocytes, the first named, in each pair being

preferentially phagocytosed, was analysed by Stiffel

et al. (1970)# They concluded that the effect was

unrelated to macrophage * saturation*, but that contrary

to the inference of Normann and Benditt (1965 a,b)

opsonins were not implicated. They did not speculate

as to the precise mechanism whereby one colloid prevents

uptake of another. In their assertion that the rate of

clearance of colloids is not limited by humoral factors,

Stiffel et al. (1970) stressed the following points:

a) Simple hepatectomy depresses phagocytosis until

liver regeneration is complete, implying that the rate

of carbon phagocytosis is determined by the number of

liver macrophages. "To the exclusion of humoral factors".

b) Initial time excepted, the amount of colloid phago¬

cytosed is proportional to the blood concentration of

particles. "This fact is the reverse of what should

be found if the rate of phagocytosis was limited by

humoral factors".

c) The phagocytic index is a function of the weight

of the liver and spleen which contain the investigated

RES macrophages.

d) Depression and stimulation of RES activity is

associated with parallel changes in the numbers of

active macrophages.

e) small test doses of colloidal carbon demonstrate

blockade of the RES more effectively than larger doses -

"The opposite of what would be expected if the phagocytic

rate/
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rate were limited by exhaustion of humoral factors".

These somewhat uncompromising conclusions may be

compared with the opinion of aaba (1970 b) who refuted

such conclusions and concluded that: "The growing body

of data on opsonins and colloid clearance by the RAS

suggests that the view expressed by Biozzi et al# (1963

b) on the lack of a role for opsonins in inert particle

clearance is untenable"#

On the basis of the conflicting inferences of

these workers, it is not possible to make generalisations

about the role of opsonins in the mechanism of depress¬

ion of phagocytosis induced by simple lipids# Never¬

theless, and somewhat paradoxically, in view of the

authorship, methyl palmitate-induced blockade was shown

to be due to a "selective failure" of hepatic and splenic

macrophages "that cannot be reversed by opsonisation",

by Saba and Di Luzio (1968)# According to Blickens and

Di Luzio (1965 a) the failure was not associated with

clearance of methyl palmitate by a phagocytic process.

If that is so, then saturation of RAS cells by lipid

is not a valid hypothesis, in this experimental situat¬

ion, In view of the severity of the macrophage "failure"

resulting from ethyl palmitate treatment, it is unlikely

that opsonin depletion was a major factor determining

blockade due to this lipid. Cholesterol oleate was not

demonstrably cytotoxic except possibly in large doses#

The possibility that opsonin depletion might be a

significant factor in blockade due to this lipid remains

to be assessed#

The/
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The effect of opsonins on the clearance of hetero¬

logous erythrocytes is less controversial. According

to Halpern et al. (1957) and stiffel et al. (1970),

the kinetics of clearance of heterologous erythrocytes

resembles those of simple colloids, provided that there

are low titres of natural antibodies. The effect of

opsonising the erythrocytes is to increase their rate

of clearance (Halpern et al. 1957; Stiffel et al. 1968).

The clearance of rat erythrocytes is relatively slow in

the mouse, in keeping with their antigenic cross-

reactivity with mouse erythrocytes, iin immune response

is evoked and the clearance rate accelerates with the

appearance of antibodies (Stiffel et al. 1970). In

the present study, the clearance rate of the 10 per cent,

preparation of sheep erythrocytes in untreated mice was

slightly lower than the rate quoted by stiffel et al.

(1970), suggesting that lACA mice did not possess a

high titre of natural antibodies to sheep erythrocytes.

The effect of reducing the sheep erythrocyte concent¬

ration to 2.5 per cent, was to obtain clearance rates

that appeared to be maximal. The maximal value in

untreated mice in the present studies was slightly

less than that cited by dtiffel et al. (1970).

Treatment with ethyl palmitate and cholesterol

oleate induced substantial reduction in the clearance

rates of both doses of erythrocytes. The clearance

rates after tricaprin treatment also suggested some

degree of blockade as regards sheep erythrocytes.

The/
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fhe prolonged survival of sheep erythrocytes resulting

from treatment with these lipids, that is implicit in

the clearance data, was confirmed by the blood levels

of labelled erythrocytes observed in the distribution

studies. Buchanan and MacGregor (1964) and .vright et

al. (1970), observed the prolonged survival of human

erythrocytes in ethyl palmitate treated mice and morrow

and i)i Luzio (1964, 1965) showed that methyl palmitate

had the same effect on the survival of sheep erythro¬

cytes in mice.

Although the clearance rate of heterologous eryth¬

rocytes is probably a reasonable measure of the phago¬

cytic activity of the RES under physiological conditions,

it does not necessarily follow that the same can be

inferred in conditions of RES blockade. The possibility

that pulmonary and splenic sequestration might be a

significant rate-limiting factor in blockade due to

cholesterol oleate has already been mentioned in this

regard. Another possibility to be considered is the

contribution of intravascular haemolysis, while this

might be of little significance when there are low

titres of natural antibodies and phagocytic activity

is within physiological limits, with prolongation of

survival, haemolysis could conceivably be of significance,

wright et al. (1970) observed prolongation of survival

of human erythrocytes injected intravenously into rats

treated with ethyl palmitate, but Buchanan and macGregor

(1964) considered that there was no evidence to suggest

that haemolysis was a major factor in the removal of

human/
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human erythrocytes from the circulation of ethyl

palmitato treated mice, even when a haemolysin in

mice, active against human erythrocytes in vitro, nad

been demonstrated, They based their opinion on the
51

low level Of ^ Or label in the plasma. In contrast,

«ust (1967) found that, in normal mice, sheep erythro¬

cytes labelled with jeloni.ua-75 were haemolyaed by

the actions of natural haeaolysins in the mouse so

that, of the 10 per cent, of the radio-activity present

in the circulation 24 hours after injection, most was

in the plasma. The dose of erythrocytes used by wust
Q

was about Icells, ten times greater than the larger

dose usod in the present studies. The pattern of

clearance by the liver and 3pleen differed from that

in untreated mice injected with iO6 erytnrocytes in

the present studies, wust showed, for instance, that
q

from 6 to 24 hours after the injection of Itr sheep

erythrocytes the localisation in the spleen was greater

than in the liver. The localisation in both organs

was less than the amounts in the blood for nearly 48

hours after the injection. Although the differences

between these and the present results may have

resulted from the different dose of erythrocytes U3ed,

the low (5-10 per cent,) level of localisation in the

liver and spleen was a significant finding suggesting

that the strain of mice used by >mst might have had

an unusually high natural haeaolysin level in the

blood. The comparatively high, sustained plasma

levels of radio-activity, that exceeded the levels in

the/
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tha iivor and spleen during the first 24 hours after

infection, suggest this possibility# in the present

studies, the plasma radio-activity was not measured so

taat the possibility of haemolysis cannot be fully

evaluated# The levels of radio-activity in the kidneys

which according to ,vust, provide a measure of haem¬

olysis, are in ny opinion due to several factors which
cannot bo dissociated, md therefore are of doubtful

value in estimating a possible haemolytic effect#

dan balance, It seems unlikely that haemolysis

had the effect of modifying the blood levels of radio¬

activity to uoy substantial degree in the present lipid

treated mice# ifur themore, in view of the delayed or

inhibited in vitro phagocytosis of welX-opsonised

erythrocytes by peritoneal macrophages from mice

treated with cholesterol oleatt or ethyl palmitate,

it might be considered that changes in other aerua

factors were probably not a major factor determining

blockade.
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Modification of Macrophage inunction as a factor
in the Mechanism of Blockade of the Has

Cell surface factors determining the specificity of
phagocytosis.

A layer of material on the surface of many cells

has been termed •glycocalyx* by Bennett (1963), or

•cell coat* by Rambourg and Leblond (1967)* It can be

seen in conventional electron micrographs, provided that

the tissue is primarily fixed in osmium tetroxide, and

can be specially stained with Ruthenium red, silver

methenamine and nlcian stains (Oarr and (Jarr, 1971;

Bmeis and wisse, I97I)» iSmeis and wisse (1971) reported
o

that the coat is 700a thick and is composed of two

layers. The inner layer has the properties of muco¬

polysaccharides or acidic glycoproteins, and seems to

correspond to the definitive cell coat described by

Carr and Oarr (I97I)* According to JSmeis and wisse

the chemical composition of the outer layer is unknown,

but Carr and Oarr (1971) demonstrated that a "less

adherent" outer layer probably contains protein and

that recognition of aldehyde-treated erythrocytes is
o

probably mediated by factors in this layer. A 700k

thick cell coat was observed on resident and exudate

guinea pig peritoneal cells by Brederoo and baems (1972).

Oarr and Oarr (1971) and Brederoo and baems (1972)

found that the cell coat was absent at the site of
i

active phagocytosis. The attachment of chylomicrons

to the cell coat was observed by Kohlich and Toro (1964)

and Bennett (1969) quoted several references citing the

ability/
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ability of the glycocalyx to specifically bind ions,

molecules and particles#

'The cell coat, of course, may be a fixation artefact,

bearing no relationship to the real functioning cell

surface, when it is demonstrated electron microscopically

it is often fragmentary, (Brederoo and Daems, 1972). la

view of the evidence that the cell surface has a dynamic,

electro-kinetic quality determined by the chemical

structure of the surface (reviewed by Habeshaw 1970), it

is difficult to judge the significance of any static

representation of the cell coat. Nevertheless, it is

evident that the cell membrane, as visualised electron

microscopically, does not represent the functioning cell

surface (Habeshaw 1970) and, therefore, it is quite

reasonable to postulate that the cell coat or glycocalyx,

as visualised electron microscopically, has some basis in

reality.

specialised surface related structures involving the

cell coat, were termed "worm-like structures" by Toro et

al. (1962) and "micropinocytosis vermiformis" by matter

et al. (1968). These structures were seen in Kupffer

cells of rats by these authors and by Koalich and Toro

(1964), Melis and Orci (1967), Orci et al. (1967)# Wisse

and iiaems (1970 b), Fahimi (1970), Pfeifer (1970) and

jmeis and wisse (I97I)* The Kupffer cells of rabbits

(Horn et al. 1969) and the peritoneal cells of guinea-

pigs (Brederoo and uaems, 1972) also showed this feature

which seems to be a characteristic of macrophages endowing

them with a mechanism for efficient and selective

endocytosis/
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endocytosis (Jacques, 1969)* This type cf endocytosis

implicates specific surface receptoi*s and seems to

result from invagination of the cell membrane and the

cell coat together with any adsorbed material (Toro at

al. 1962). The worm-like channels so formed are limited
o

by membranes that are about 14-Oda apart, i.e. double

the thickness of the cell coat. The intervening space

contains material resembling two apposed coats, derial

sections of cells show that these structures form an

interconnecting complex, communicating with the extra¬

cellular space and with bristle coated vesicles. «.orm-

lik.9 structures are not associated with significant

fluid enlocytosis and contrast with the macropinocytotic

vesicles that are involved in the engulfment of particles

along with fluid (wisse, 1972). The latter structures

represent a non-specific form of endocytosis (Jacques,

1969)* Im the present studies the cell coat and

structures wholely resembling worm-like structures were

not found in hepatic or splenic macrophages, therefore,

it i3 not possible to determine from the present findings

whetoer these structures might have been affected by

lipid treatment. If, as seems likely, blockade due to

agents such as Thorotrast (wiener, 1967) is associated

with diminished attachment of particles to kupffer cells,

but not ap arently with diminished macropinocytosis by

endothelium (wissa, 1972), it is feasible that alter¬

ations in the cell coat or worm-like structures might

occur that could be visualised by electron-microscopic

examination./
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axamin tion, as yet no studies have been mads to

assess the state of the worm-like structures in

conditions of blockade*
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The Hole of Cell surface Receptors or Binding;
Sites in Blockade of the RiSS

Jacques (1969)» referring to the specificity of

adsorptive endocytosis, stated that l,when two adsorbable

substances are put in the medium separately, but at the

same concentration, their rates of uptake may be

different if the capacity or efficiency of adsorption

are different for the two substances, when they are

present simultaneously, each may depress more or less

strongly the rate of uptake of the other, either by

direct competition or by steric congestion". JSxamples

of such colloid competition have been described by

Jansco, (1955)» Normann and Benditt, (1965 b) and

stiffel et al. (1970)* Singer et al. (1969) demonstrated

that there was no colloid competition between poly¬

styrene latex particles and colloidal carbon, which¬

ever was injected first or if they were injected

together. Kupffer cells in this situation showed a

strong tendency to engulf the two particles separately.

Relatively few vesicles contained both particles.

Keticulo-endothelial blockade is often represented

as resulting from physical "satuartion" of R3 cells by

phagocytosis of an injected colloid. (Biozzi et al.

1953i Benacerraf et al. 1957 a; Biozzi et al. 1963 aj

Stuart and Davidson, 1964-j Stiffel et al. 1970). as

mentioned previously, many of the experiments demon¬

strating blockade by simple colloids have required the

presence of the same surface characteristics on the

blocking/



blocking and test particles. Gelatin, used to stabilise

many preparations of colloidal particulates, seems to

impart this similarity to otherwise dissimilar particles.

Although there is some evidence to suggest that opsonins

and heparin may be involved in the mechanism of blockade

when gelatinised particles are used, Aoenig et al. (1965)

found that blockade wan associated with persistence of

the gelatin blocking dose in the circulation. Neither

opsonin depletion, nor saturation of particle specific

macrophage clones were the factors responsible for the

blockade. Drutz et al. (1967) showed that blockade

could be induced with non-gelatinised chromic phosphate,

that opsonins were not involved and that blockade was

related more to the presence of particles in the

circulation than to the presence of particles in the

cells. They suggested that the presence of particles

outside the cell might adversely affect cell surface

recognition phenomena and that blockade might result

from saturation of membrane binding sites rather than

"physical stuffing" of the cells.

The presence of specific surface receptors on

macrophages and monocytes is suggested by the failure

of polystyrene latex and colloidal carbon to exhihit

colloid competition while being phagacytosed by the same

Kupffer cells (Singer et al. 1969)* Rabinovitch (1967t

1968), showed that the attachment of gluteraldehyde

treated erythrocytes (GRO) and antibody treated GRO

in vitro was mediated by different macrophage surface

receptors./
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receptors. Kabinovitch (1970) suggested that different

receptors exist on macrophages for "denatured" particles

(e.g. heat or aldehyde treated erythrocytes), and for

antibody; a third receptor was proposed for complement.

These suggestions tend to be confirmed by the obser¬

vations that specific IgGr, complement (C;5) and cyto-

philic antibody receptors seem to be involved in the

reactions of macrophages and monocytes (Berken and

Benacerraf, 1966; Lo Buglio et al. 1967; Huber and

ihidenberg, 1968, 1969)* Huber et al. (1969) showed

that excess, free anti-HhQ antibody inhibited the
binding of erythrocytes treated with the antibody.

Habeshaw and otuart (1971) demonstrated that the

phagosytosis of heterologous erythrocytes by mouse

peritoneal macrophages was inhibited by fractions of

mouse sera. This finding was interpreted as competit¬

ive inhibition of cytophilic antibody by free antibody.

The possibility that cell surface binding sites

or receptors may be "saturated", and perhaps interior-

ised or otherwise depleted in conditions of KBa blockade,

is consistent with the electron microscopic findings

of Wiener (1967) suad wiener at al. (1967) who described

the failure of Kupffer cells in Thorotrast-blocked

animals to accumulate injected carbon particles on

their surfaces as much as in control animals. Cortis¬

one in large doses induced the same defect. These

observations implicate failure of the attachment

phase of phagocytosis in the mechanism of blockade.

Masking/
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Masking of specific ad3orptive sites on the surface

of RgS cells or depletion due to their invagination is

perhaps the most satisfactory hypothesis to explain

blockade due to inert particles, with or without a

gelatin coating. Attachment of particles to these sites

in some instances may be determined by plasma factors

and in practice it is virtually impossible to exclude

the participation of cytophilie antibodies in the inter¬

action of particles with macrophages (Kabinovitch, 1970).

Blockade due to inert particles such as colloidal

carbon tends to last only for a few hours, not exceeding

48 hours according to Stuart (1970). If Drutz et al.

(1967) are correct, then blockade due to inert particles

is related to the persistence of particles in the

circulation. The influence of platelet trapping and

subsequent release of the particles (van Aken and

Vreeken, 1970; Bobson et al. 1971)» might be a factor

determining the different duration of blockade due to

particles such as saccharated iron oxide and carbon,

and particle size would also, of course, affect the

duration, according to Wiener (1967)t escape from

blockade due to Thorotrast is associated with phago¬

cytosis of carbon by Kupffer cells containing Thoro¬

trast. This finding implies that escape from blockade

might be associated with a change at the level of the

functioning cell surface corresponding to regeneration

of surface receptor sites. Such putative regenerative

activity probably occurs soon after the complete clear¬

ance of simple inert colloids judging from the duration

of/
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of blockade due to colloidal carbon, Bioratrast and the

like.

The duration of severe blockade due to lipids

varies according to the lipid, from about three days

with cholesterol oleate (30 mg.) and about four days

with ethyl palaitate (120 mg.) to more than seven days

with methyl palmitate (45 mg.) (Otuart, 1962 a, 1963;

Blickens and ni jjuzio, 1965 &)• according to Blickens

and hi Luzio (1965 a)» methyl-^0 palmitate is rapidly

metabolised, 0.05 per cent, of the injected dose persist¬

ing in the blood 24 hours after injection. Using thin

layer chromatography to identify the lipid, Blickens and

hi nuzio (1965 b) were unable to detect any lipid in the

blood 24 hours after its injection. It is, therefore,

evident that the duration of blockade duo to methyl

palmitate i3 not determined by persistence of the lipid

in the blood. The situation with regard to cholestei'ol

oleate treatment cannot be properly assessed as the amount

of lipid in the circulation ha3 never been estimated.

jSthyl palmitate tended to persist for several days in

low concentration (0.4 per cent, per ml. blood), accord¬

ing to Kawasaki and Pinch (1972)• as this lipid i3

apparently metabolised faster than cholesterol oleate,

it is possible that cholesterol oleate may also persist

in the blood. Persistence of these lipids in the blood,

albeit in low concentration, may therefore, have played

a part in the genesis of blockade.

Depletion of surface adsorptive activity is indicated

by/



by the almost complete failure of opsonised erythrocytes

to attach to glass-adherent cells derived from mice

treated with ethyl palmitate. Nevertheless, because of

the apparent damage to macrophages caused by this lipid,

it is doubtful if blockade can be whoiely attributed to

the postulated depression of the adsorptive activity.

Delay in the attachment of opsonised erythrocytes to

macrophages from cholesterol oleate treated mice suggests

the possibility of some depletion ih adsorptive activity,

but in view of the ability of these macrophages to

engulf opsonised erythrocytes in vitro after a short

delay, it would appear that cell receptor sites were not

grossly depleted. Other defects in cell surface activity

may habe been implicated in the delayed engulfment of

erythrocytes and are discussed in a later section.

Profound depletion of adsorptive surface activity by

liaS cells is a plausible explanation for methyl palmi¬

tate induced blockade. The duration of blockade due to

this lipid suggests that regeneration of surface attach¬

ment sites is greatly suppressed. The presence of a

factor in the plasma of methyl palmitate treated mice

that induced blockade in normal mice (Blickens and id

Luzio I%5 b) suggests that the postulated suppression

of adsorptive activity could, at least partly, be

attributed to the effect of this factor. It is apparent

that the genesis of the altered surface adsorptive

activity in lipid induced blockade differs according

to the lipid and that "saturation*1 of cell surface

binding/
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binding sites, per se, is not an adequate explanation,

"saturation" of surface receptors either by masking or

by engulfment seems to account for many of the features

of blockade due to simple inert colloids.



-322-

Metabolic Disturbances in Macrophages In Conditions

of Blockade of the JiaiS

The studies of Bennett and Shivas (1954) using

ethyl-iodo-stearate showed that intraperitoneal injection

of emulsified lipid could cause cell death in the

mediastinal lymph nodes of rats. The subsequent demon¬

stration of necrotising effects in lymph nodes as a

result of injecting a variety of lipid emulsions

suggested that the physical state of the lipid emulsions

was responsible for their cytotoxicity (Shivas and Fraser,

1959).

Smulsions of the alley1 esters of short chain fatty

acids are lethal when injected intravenously (M Luzio

and Blickens 1966). Some reduction in toxicity is

evident with ethyl laurate (Stuart, 1963). The methyl

esters of the saturated fatty acids: myristic, pent-

adecoic, palmitic and stearic acids; the methyl esters

of the unsaturated fatty acids: palmito-oleic, oleic,

elaidic, linoleic, linolenic and arachidonic acids, and

n-butyl palmitate all induce depression of colloidal

carbon clearance (i)i Luzio and Blickens, 1966). Other

lipids with an RiSS depressing effect are cholesterol

oleate, butyl oleate, ethyl oleate and ethyl palmitate

(Stuart, 1970). These simple lipids sire for the most

part well tolerated by mice when injected intravenously.

Kupffer cell damage was observed as a result of ethyl

stearate treatment by Muir and Stuart (unpublished

observations cited by Stuart and Cooper, 1962). Splenic

necrosis due to intravenous injections of ethyl

palmitate/
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palmitate was observed by Stuart (1950), Stuart (1952 a),

Stuart and Davidson (1954), Buchanan and MacGregor,

(1954), Flemming and lemming (1953), Wright et al.

(1954), Prosnitz et al. (1959) and Kawasaki and. Finch

(1972). Recently Neill, Cole a. 5 Hyde (1973) demon¬

strated that splenic necrosis could also be induced in

Balb/c mice, but not in 057BL/5 mice, treated with

either stereate and methyl palmitate alone or mixed

together. Di Luzio and his co-workers, however, never

observed splenic necrosis using optimal blocking doses

of methyl palmitate in their strains of mice. Large

do.oes of methyl palmitate, however, can induce splenic

necrosis (Di Lir-io, personal communication).

In the present studies, splenic necrosis was

largely restricted to the red pulp when a dose of 90 mg.

ethyl palmitate was injected intravenously. A dose of

120 mg. regularly induced white pulp necrosis as well.

Swelling of cells was evident in cells in the red pulp

30 minutes after tue lipid injection and Prosnitz et.

al.(I969). observed spionic necrosis less than one hour

after the injection of a sonicated preparation of the

lipid. The dose range used by Prosnitz was 1.5 g. to

9*0 g. per kg. body weight and the dose required to

induce necrosis varied according to the strain of mouse.

Degenerative changes were found in Kupffer cells in the

present ethyl palmitate treated mice, dome doubt was

expressed about this finding as fixation artefact could

not be entirely excluded. Nevertheless, in view of the

finding/
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finding of macrophage death and damage in the spleen

and in peritoneal macrophages, the balance of evidence

favours the probability that many Kupffer cells were

al30 damaged and perhaps killed by the lipid.

Kawasaki and Finch (1972) thought that intense

early localisation and retention of ethyl palmitate in

the splenic red pulp resulted in "vascular plugging

and stasis followed by ischaemic necrosis". Stuart

(1962 a) also likened the lesion to infarction of the

spleen, but considered that this explanation was

unlikely unless the splenic red pulp was unusually

susceptible to vascular occlusion, The in vitro findings

in the present studies suggested that a direct cyto¬

toxic effect could be a major factor in the genesis of

the splenic lesion. The initial localisation of about

5 per cent, of the injected dose in the spleen noted

by Kawasaki and Finch (1972), was similar to the local¬

isation of methyl palmitate (7 psr cent.), Blickens

and udl Luzio 1965 a) and lipid test emulsion (4.9 per

cent.) Di Luzio and Blickens, 1966). There is, there¬

fore, no evidence that ethyl palmitate is preferentially

localised in the spleen compared with other lipids,

confirming that its effect on the spleen is most

probably related to its cytotoxic property. It is

apparent, however, that its cytotoxicity involves cells

other than macrophages, although release of substances

from damaged and dead macrophages might secondarily

affect other cells such as sinus endothelium. Whatever

the/



the precise, initial target of the cytoxic lipid, it

is possible that ischaemia played a part in the genesis

of the lesion judging from the observation that thrombi

could be found in the spleen (Stuart, 1962 a), although

this was a late event. Platelet sequestration in blood

vessels of the spleen (Dobson et al. 1971)» could

also have been implicated in the splenic thrombus

formation, but this was not apparent in the present

studies.

An important question is whether ethyl palmitate

requires to be phagocytosed in order to exert its

effect. In general, lipid particles seem to be taken

up by cells in a similar way to other particulates and

their lipid character does not confer any special

ability to enter cells (Ca3ley-dmith and Day, 1966).

Once they are in the circulation most lipid particles

are phagocytosed by Kupffer cells provided they are

larger than chylomicron size, i.e. more than IOOny*.
(ashworth et al. 1963; i& Luzio and Kiggi, 1964 b).

The use of KL-test lipid emulsion (Riggi and uL Luzio

1962; Li Luzio and Kiggi, 1964 a) for evaluating the

phagocytic function of the RiiS provides a practical

example of this generalisation.

The situation with ethyl palmitate and methyl

palmitate seems to be different. Blickens and Id. Luzio

(1965 a) showed that the clearance rate of methyl

palmitate was substantially slower than that of KL-

test lipid emulsion and thought that the lipid was not

cleared/
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of ethyl palmitate, according to Kawasaki and Finch

(1972), is similar to that of methyl palmitate and

Prosnitz eft aJL. (1969) were unable to demonstrate

phagocytosis of ethyl palmitate by Kupffer cells whereas

hepatocytes contained the lipid. This conforms to the

localisation of injected chylomicrons (Morris and

French, 1958; Ashworth et al. 1963 and JD± Luzio and

Higgi, 1967) and is consistent with the probability

that ethyl palmitate is not cleared primarily by HiiS

macrophages. On the other hand, the present studies

demonstrated that the lipid was phagocytosed by some

peritoneal cells, although cells resembling lymphocytes

were implicated as well as glass-adherent cells. These

findings could be explained if the lipid was capable

of being engulfed by a process of "mixed type endocytosis1'

(macropinocytosis) described by Jacques (1969)* Such

a process is subject to different kinetic laws than

selective absorptive endocytosis (Jacques, 1969)»

which might explain the different clearance rates

compared with R3-test lipid emulsion. The fact that

endothelium exhibits macropinocytotic activity, (wisse,

1972), could perhaps account for the damage to sinus'

endothelium in the spleen. The observations that

putative lymphocytes ingested the lipid in vitro

could explain why the white pulp became involved when

large doses were administered, although thrombosis

might also have been implicated in this pathological

process./
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process.

The findings of Blickens and Di Luzio (1965 &) and-

Kawasaki and fined (1972) indicate that the catabolism

of ethyl-^0 palmitate is slower than that of methyl-

0 paliaitate. The spleen contained 6 to 7 cent#

of the injected dose of ethyl palmitate seven days after

the injection. The amount in the liver after seven days

was only 0.9 per cent, of the injected dose. It is

probable that there was persistence of the lipid in

relatively avascular necrotic areas of the spleen. The

more rapid disappearance of the lipid from the spleens

of Deer mice, which did not show necrosis. (Kawasaki

and Pinch, 1972) suggests this possibility.

The fate of ethyl and methyl palmitate is not

known with certainty, although they are probably hydro-

lysed to fatty acid and alcohol. Neither methanol nor

ethanol injections were found to mimic the effects of

either lipid (Blickens and Di Luzio, 1965 a; Kawasaki

and Pinch, 1972).

Localisation of cholesterol oleate in RkS macro¬

phages, observed in the present studies, confirmed the

light microscopic impressions derived from previous

studies (Stuart, 1965* Stuart and Davidson, 1963)•

It had not previously been observed, however, that poly¬

morph, leucocytes could also ingest the lipid as was

pbserved in the spleen in the present studies. The

lipid was not found in hepatic or splenic endotheiia

or in splenic reticular cells.

The/



The uptake and relatively slow hydrolysis of

cholesterol oleate by RjiS cells in lymphoid tissue was

demonstrated by Day and French (1959), Day and Gould-

Hurst (1961) and Day (1964). The slow hydrolysis

suggests that the persistence of vacuolation in kupffer

cells and splenic macrophages, for many days resulted

from persistence of the ester and not a metabolic

product. The lipid is hydrolysed to cholesterol and

fatty acid the latter being incorporated into phospho¬

lipids (Day, I960 a). Free cholesterol liberated by

hydrolysis is exchanged with lysosomal membrane

cholesterol and then with plasma membrane cholesterol,

(Werb and Gohn, 1972).

The apparent fusion of lysosomal structures with

lipid-containing vacuoles, observed electron micro¬

scopically in the present studies, conforms with the

finding of werb and Oohn (1972) that lysosomal,

cholesterol ester hydrolases are implicated in the

hydrolysis of the lipid, Buch esters, according to

«erb and Gohn are not exchanged and. remain within

phagosomes until hydrolysed.

Evidence that injections of simple lipids such as

methyl palmitate can induce disturbance in lipid meta¬

bolism was provided by Blickens and Di Luzio (1965 a).

They found that tissue lipids were mostly unchanged,

but that the free cholesterol levels in the spleen and

in the plasma were increased. Blickens and Di Luzio

(1965 b) detected an ihSB-depressing factor in the plasma

of/
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of methyl palmitate treated mice that they thought might

he a lipoprotein complex. No investigations have

been conducted to determine the effect of ethyl palmitate

treatment on ti33ue lipids. The uptake of cholesterol

oleate by lymph nodes resulted in the accumulation of

phospholipids and total esterified fatty acid in the

node3 (Day, I960 b). Day at al. (1965) showed that

intrinsic cholesterol ester was hydrolysed in a manner

that was facilitated by lecithin. Synthetic dipa]mitoy1

lecithin and animal lecithin with a 2 : I ratio of

oleic and palmitic acids were both shown to inhibit

cholesterol esterase activity or conversely to augment

hydro lytic activity, by Day and Gould-Hurst (196.5).

Lecithin and cephalin preparations were shown by Di Luzio

and Blickens (1966) to have a depressing effect on

phagocytosis by the HJilS, but it is premature to suggest

that accumulation of phospholipids is an important

factor affecting the efficiency of phagocytosis by

macrophages in lipid treated mice.

Lipids are known to be implicated in the metabolic

changes associated with phagocytosis by macrophages.

There is increased turnover or synthesis of ph.osph.o-

inosiuide and phosphatidyl serine during phagocytosis

of particles and it was suggested by Karnov3ky and

wallach (1961) and Karnovsky et al. (1970) that t&ese

changes were associated with membrane events accompanying

phagocytosis. Increased incorporation of medium lyso-

lecithin into lecithin was found by klsbach (1972)

during/
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during phagocytosis. Karnovsky et al. (1970) showed

that guinea-pig mononuclear cells exhibited depressed

incorporation of inorganic phosphate into lipids

when they were treated with deoxycholate in vivo,

and Assidao et al. (1964) demonstrated that deoxy¬

cholate depressed phagocytosis by the isolated per¬

fused rat liver.

There is substantial evidence that phagocytosis

and macropinocytosis are energy dependent processes

and that phagocytosis of particles is associated with

stimulation of several metabolic events (obarra et al.

1972). Phagocytosis can be blocked with inhibitors

of glycolysis such as fluoride, fluoro-acetate and

iodo-acetate ions (Obarra and Karnovsky, I959» Gohn

and Morse, I960; Karnovsky, 1962; Oren et al. 1963;

Miller et al. 1965; Oohn, 1966; Karnovsky et al.

1970; Oohn, 1970). Inhibitors of oxidative phosph¬

orylation such as 2o4-dinitro phenol and oligomycin

and anaerobic conditions depress phagocytosis, (Oren

et al. 1963; Miller et al. 1965; Oohn, 1966), and

depression also occurs with respiratory inhibitors

such as carbon monoxide, cyanide and azide (Brandt,

1958; Oren et al. 1963 and Gordon and King, I960).

Much of this information was derived from studies with

polymorph leucocytes, but peritoneal macrophages from

guinea pigs and mice behave in a similar fashion

(Karnovsky et al. 1970). Prom the findings in

inhibition studies, it was established that the energy

for phagocytosis was mostly derived from glycolysis.

Macropinocytosis/
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Macropinocytosis seemed to be more dependent on

oxidative phosphorylation and respiration than phago¬

cytosis of particles (Cohn 1970). Phagocytosis by

resident alveolar macrophages was inhibited by anae¬

robic conditions but not by respiratory or glycolytic

inhibitors (Sbarra et al. 1972).

The spreading of macrophages on glass was found

to be dependent on an endogenous supply of aTP and

ATP-ase activity was demonstrated in the plasma mem¬

brane^ North (1966, 1968). North (1968) demonstrated
that phagocytosis of particles utilised ATP and that

exogenous ATP could abolish the temporary rest periods

that occurred during the phagocytosis of aldehyde

treated erythrocytes• Direct evidence that ♦lipids*

such as ethyl or methyl palmitate and cholesterol

oleate can induce disturbance of the energy producing

metabolic pathways i3 lacking, but the depression of

cell motility and phagocytosis shown by glass adherent

cells from ethyl palmitate treated mice resembles the

effects of iodo-acetate treatment of peritoneal macro¬

phages described by North (1968)# It is, therefore,

possible that disturbance of glycolysis and perhaps

oxidative phosphorylation accounted for some of the

effects of ethyl palmitate. Cholesterol oleate-treated

peritoneal cells were manifestly equipped with the

appropriate sources of energy for engulfing opsonised

erythrocytes, but the reduction in membrane activity

shown by some cultured peritoneal cells exposed to

this/
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this lipid is consistent with a reduction in the supply

of energy for membrane activities, with regard to

cholesterol oleate treatment it is possible that the

phagocytosis of large amounts of lipid could commit

the macrophage to metabolic activities concerned with

the degradation of the lipid. Pearsall and weiser

(1970) cited the example of the depressed capacity of

macrophages to kill antibody-coated salmonellae when

they had previously ingested erythrocytes to exemplify

this effect. The time taken to re-establish membrane

activity at a level adequate to enable engulfment of

erythrocytes to occur, could account for the delay

observed in the phagocytosis of opsonised erythrocytes

by cholesterol oleate treated peritoneal macrophages.
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.Exhaustion of Plasma Membrane as a factor in

Blockade of the RES

The availability of plasma membrane was shown to

be a factor limiting phagocytosis by amoebae (Chapman-

Andresen, 1963).

The observation that cells displaying conspicuous

phagocytic activity are endowed with a great variety

of surface structures was made by Pawcett (1957)• many

of the cells so endowed are, of course, protozoa,

equipped with cilia, cytoplasmic veils and pseudopods

which enhance ingestion and also provide means of loco¬

motion. Structures increasing the total surface area

available for binding are also found in protozoa, such

as the covering of fine submicroscopic fibrils on

amoebae (Brandt and Pappas, 1962). The folded surface

of mammalian macrophages provides a means of increasing

the surface area and, in vitro at least, the surface

activity of these cells can be translated into direction¬

al movement. The fluctuations in the surface configur¬

ation of cells such as Kupffer cells no doubt results

in the formation of clefts in which particles can be

trapped more effectively than by the smoother surface

of cells such as hepatic and splenic sinus endothelium.

Such trapping was described in alveolar macrophages by

Karrer (I960).

During phagocytosis by amoebae in a medium contain¬

ing an excess of nutriment, phagocytosis proceeds for

about 20 minutes during which time the amoebae become

more/
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more or as spheroidal. Up to half the surface membrane

is incorporated into phagosomes during this time.

According to Chapman-Andresen, (1963), amoebae do not

start to phagocytose again until the cell takes on an

irregular outline, macrophages that have ingested

erythrocytes show a similar refractory period of about

3-5 hours according to Gohn (1970)» but the temporary

rest periods shown by North (1968) were not so prolonged.

The reconstitution of membrane that occurs in the

post-prandial period may be due to re-utilisation of

membrane temporarily incorporated in the phagosomes,

The Golgi apparatus may act as a reservoir of membrane

or may be synthesised in situ. Whatever the precise

source of new membrane, it is evident that it is re¬

quired for repeated acts of phagocytosis. From the

present studies, it was apparent that large amounts of

membrane were required for the engulfment of large

amounts of intracellular cholesterol oleate. The

relatively long persistence of cholesterol oleate in

macrophages presumably pre-empted re-utilisation of

membrane implicated in the formation of phagosomes,

a reduction in the amount of surface irregularity could

be inferred from the appearance of some lipid laden cells

in vitro and there was some reduction in the motility

of peritoneal celDs exposed to large doses of the lipid.

These features suggest that such cells are analogous to

satiated amoebae described by Chapman-Andresen (1963)®

North (1968) observed that cultured, unstimulated,

guinea-pig/
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guinea-pig peritoneal cells displayed "temporary rest

periods" that could be abolished with an exogenous

supply of ATP during the course of phagocytosis of guinea-

pig and sheep erythrocytes, yeast particles and poly¬

styrene particles of a diameter of I.28JU. Polystyrene
particles less than Hj* did not induce a rest period.
The rest period seemed to be associated with the presence

of partially ingested particles on the surface of macro¬

phages, whereas no rest period occurred with the small

polystyrene particles, which were completely ingested

more rapidly than the larger particles. The delay in

the phagocytosis of erythrocytes shown by peritoneal

cells treated with cholesterol oleate bears a resemblance

to the rest period described by North. 'The situation

differs from his description, however, "which seems to

imply temporary saturation of surface factors by the

physical presence of particles. On the other hand, the

delay is consistent with temporary deficiency of ATP

available for membrane events. 'The slower rate of

spreading on glass and the diminished memorane activity

shown by cholesterol oleate treated cells are also in

keeping with this inference. That the appropriate

energy was available for phagocytosis of erythrocytes

by these cells, once the process of engulfment has been

initiated, was readily apparent. Furthermore, the fact

that cells containing large amounts of lipid could ingest

many erythrocytes indicated that a sufficient reserve of

available membrane was present even in conditions of

extreme



extreme phagocytic demand, On this basis, it seems

unlikely that exhaustion of membrane, as such,

contributed to phagocytic blockade due to cholesterol

oleate. It is possible that cholesterol oleate treat¬

ment altered the chemical nature of the plasma membrane

with resultant alteration in its physical state that

was inimical to efficient phagocytosis, but this does

not explain why phagocytosis, once it commenced,

proceeded rapidly and efficiently. On balance, it

would appear that the effect was related to the avail¬

ability of appropriate energy. Cohn (1970), suggested

that there is "compartmentalisation of the ATP«s

produced by cytosol and mitochondrial activity on mem¬

brane function" and that "perhaps mitochondrial .aIP is

more directly involved in movements of plasma membrane

in pseudopods". deviation of glycolytic and mito¬

chondrial ATP1s due to the demands of excessive lipo¬

lytic activity is perhaps not improbable in macrophages

containing large amounts of cholesterol oleate.



defects in Specialised Cytoplasmic structures

as a Factor in Blockade of the ftijS

According to North (1968), the mechanical movements

exhibited by macrophages in vitro during phagocytosis

and when spreading on glass suggests that structural

specialisation at the periphery of the cell might be

expected. Such specialisation might be located at the

cell surface and implicate the cell coat. Controlled

trypsinisation did not affect the macrophages ability

to attach to glass suggesting that the outer, protein

part, of the coat is not primarily involved (Carr and

Carr, I97l)» The movement of membrane of macrophages

in contact with erythrocytes was readily apparent in

the present phase contrast studies and the apparent

rigidity relative to distorted erythrocytes suggested

that the lips of the phagocytic depression might be the

site of a cytoplasmic specialisation. It is likely that

microtubular or microfilamentous formations might be

implicated in maintaining the integrity of the phagocytic

surface depression. The effect of ethyl palmitate on

glass adherent cells is of relevance in this respect.

The random movements and disorgani- ed surface activity

resulting from treatment with this lipid are reminiscent

of the effect of Oytochalasin B on glass adherent ceils

depicted by Allison et al. (1971) and attributed to

disturbance of the mitrotubular apparatus. Macrophages

are known to contain these structures which are

considered to act as "generalised direction markers"

helping/
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helping to maintain the shape of the cell and guiding

the movement of materials within it (Koberts, 1972).

It has been established that Cytochalasin B inhibits

phagocytosis by polymorph leucocytes and alveolar and

peritoneal macrophages (Davis et al. I97I| Malawista

et al. 1971; Allison et al. I97I)* Klaus (1973)

demonstrated that phagocytosis of sheep erythrocytes,

opsonised with mouse, anti-sheep antiserum, by mouse

peritoneal macrophages was inhibited by Gytochalasin B.

Pinocytosis of soluble protein such as haemocyanin was

unaffected by the treatment.

Gytochalasin B apparently inhibits actin-liKe

microfilaments in the cytoplasm of cells, including

macrophages-. On the other hand, the situation is

probably more complex than seems at first sight as

Gytochalasin B-resistant microfilaments have been

demonstrated in some cells (Goldman, 1972). It is not

Known whether microtubules were affected by treatment

with ethyl paImitate and cholesterol oleate, but the

evidence is suggestive as far as ethyl palmitate is

concerned. The requirement for membrane movement to

stabilise attachment of large particles such as erythro¬

cytes is suggested by the relative instability of

erythrocytes during the early phase of their attach¬

ment to cholesterol oleate treated peritoneal cells.

Adherent erythrocytes could be seen oscillating slightly

around their point of attachment for several minutes

before engulfment commenced. The difference in the

attachment/
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attachment was perhaps best seen by contrasting this

appearance with that of slightly saline-injured, erythro¬

cytes that maintained, a large area of contact with

macrophages for several hours with little phagocytosis

ensuing# .During this period, continuous membrane move¬

ment at the interface between the macrophages and. erythro¬

cytes was observed. Similar prolonged adherence with

large areas of contact and considerable membrane move¬

ment was observed when splenic macrophages from human

subjects with auto-immune haemolytic anaemia were

exposed to autologous erythrocytes in cultures contain¬

ing 20 per cent, homologous serum. In this situation

many erythrocytes maintained a stable contact with

macrophages for many hours without being engulfed,

(personal observation).



Recovery Prom Blockade of the RSS

The diversity of the factors implicated in the

genesis of RS blockade and the probable different

relative importance of these factors in different

blocking regimes, suggests that recovery from blockade

might be determined by a multiplicity of factors#

As a generalisation, the following factors seem

to be the most important parameters that might influence

recovery.

1. Regeneration of depleted opsonins.

2. Regeneration of surface binding-sites on
macrophages.

3. Replacement of dead and damaged macrophages.

4. elimination of the blocking agent.

Regeneration of depleted opsonins:

There is evidence to suggest that depletion of

opsonins might be a factor in blockade of the ReS and

that normal sera can restore more or less normal phago¬

cytic function. On the other hand, there is much less

evidence that regeneration of opsonins determines

recovery from blockade.

According to Saba and hi Luzio (1969) blockade in

rats induced by Rh-test lipid emulsion lasts about 2

hours. Depression of the opsonising activity of the

serum during this period was estimated using a liver

slice technique. Rapid recovery of opsonising activity

coincided with recovery from blockade. .From 3 to 6

hours after blockade was induced, the serum had increased

opsonising activity, as judged by its capacity to induce

increased/
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inoreased uptake of ^^I-RS-test lipid emulsion by

liver slices. The absence of increased uptake, in

vivo, in this post-blockade period was thought to be

due to some degree of depressed macrophage function.

During the period of blockade, incubation of the test

colloid with normal serum restored clearance rates

almost to normal values. The opsonising effect of

normal serum was not evident when the serum and test

colloid were injected simultaneously. It was necessary

to incubate the colloid with the serum for 15 minutes

to achieve a maximal effect. Considering that under

physiological conditions RE-test lipid emulsion was

cleared with a half time of 10.0 + 2.1 minutes (Saba

and Di Luzio, 1969), it would seem that the putative

opsonin is not as efficient as might be expected in

order to influence clearance in normal rats.

According to Saba and Di Luzio (1968) blockade

due to methyl palmitate is mainly mediated by a

"selective macrophage failure". Opsonin depletion was

thought to be of lesser importance. Because of this,

the influence that regeneration of opsonins might have

upon the recovery from blockade due to this lipid is

presumably relatively minor. In the present study,

ethyl palmitate induced macrophages deatiti as well as

"failure" and it could be inferred that opsonin

depletion and regeneration were similarly of minor

importance in the genesis of blockade, and during

recovery from blockade. The role of serum factors can¬

not/



cannot be completely dismissed. The demonstration of a

blockade-inducing factor in the plasma of methyl

palmitate treated mice (Blickens and id. Luzio, 1965 h)

indicates that serum factors other than opsonins may

play a part in the genesis of blockade. Presumably,

such factors are affected during recovery.

Regeneration of cell surface binding sites.

wiener (1967) and wiener et al. (1967) demonstrated

that blockade due to Thorotrast and large doses of

cortisone was associated with reduced attachment of

carbon particles to Kupffer cells. Recovery from

blockade due to Thorotrast was associated with efficient

phagocytosis of carbon by Kupffer cells containing

Thorotrast. This, and other evidence implicating

"saturation" of surface binding sites in the induction

of blockade implies that such sites are replaced or

unmasked during recovery. Koenig et al. (1965) and

Drutz at al. (1967)» demonstrated that persistence of

the blocking particle in the circulation determined

blockade by gelatinised colloidal gold and colloidal

chromic phosphate. The short duration of blockade in

these regimes suggests that regeneration or unmasking of

surface binding sites occurs quite rapidly after complete

clearance of the particles. Prom the present studies,

the findings suggest that surface binding sites were

depleted in ethyl palmitate induced blockade. Blockade

due to methyl palmitate can be at least partly explained

on this basis as well. Regeneration of surface binding

sites/



sites is therefore a possible explanation for recovery

of macrophage activity in some experimental situations.

Proliferation of macrophages:

In conditions of blockade due to inert particles

such as colloidal carbon and saccharated iron oxide,

Kelly et al. (I960) demonstrated that there was substan¬

tial littoral cell proliferation in the liver. The

uptake of radio-label (Na^ PO^) by the liver, was
maximal 2 days after the blocking injections, coinciding

with the recovery from blockade due to these two

particles. The increased OKh synthesis inferred from

the increased uptake of this label was still apparent

17 days after an injection of carbon and was thought by

Kelly et al. (I960) to be due to liberation and re-phago¬

cytosis of carbon. In the experiments of Biozzi et al.

(1957) and Kelly et al* (I960), hyperphagocytosis

occurred after a period of blockade and was apparently

mediated by macrophage proliferation.

In the present studies, increased numbers of cells

appeared in the spleen two to three days after the

injection of cholesterol oleate, preceded by a rise in

the thymidine uptake, when mice with a mean weight of

about 27g were used, the mean spleen cell count rose
f. (1

from 162.5 x 10 on the second day to 265*6 x 10 on

the third day. The thymidine uptake rose from 4-7*9

nanocuries on the first day to 77*9 nci on the second

day and then to 191*2 nci on the third day. when mice

with a mean weight of about 20 g were used the spleen
6

cell count rose from 120.0 x 10 on the first day

to/
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to 213.4 x 10 on the second day. The thymidine up¬

take was 89.4 nci on the first day and was raised

above the control level of 4I.I nci. The autoradio¬

graphy of the spleen in the second group of mice

showed that the labelled cells were localised mainly

in the red pulp cords. In the liver, the labelled

cells were almost entirely in the sinusoids, resembling

the distribution shown by Kelly ejb al. (1962). This
localisation in the liver and spleen is consistent

with labelling of tissue macrophages. Kecovery from

blockade due to cholesterol oleate occurred about 4 to

6 days after a 30 mg. dose of the lipidt (Stuart and

Davidson, 1963). The proliferative response in the

present study provides an adequate explanation for

recovery of KJiiS phagocytic function occurring about

this time. The rise in the thymidine uptake in spleen

on the day before the cell counts rose suggests that

proliferation of resident macrophages might have

occurred in the spleen. The presence of labelled,

vacuolated Kupffer cells and splenic nacrophages tends

to support this inference. On the other hand, the

later rise in thymidine uptake is consistent with an

influx of bone marrow derived monocytes. This infer¬

ence is supported by the similarity in the thymidine

uptake in the spleen and bone marrow when calculated

per million cells. This transformation shows that

two peaks in the thymidine uptake occurred on the first

day and on the fourth to fifth days in the spleen and

on/



on the first and fourth days in the bone marrow; the

explanation of the bimodal response in the bone marrow

is not yet apparent.

A considerable amount of data has accumulated to

show that the tissue macrophages are derived from mono¬

cytes which are in turn derived from bone marrow

precursors* The bone marrow origin of monocytes was

shown in radiation chimera given radio-labelled or Tg
Tg marked allogeneic bone marrow cells (Balner, 1963?
Goodman, 1964; Virolainen, 1968). Volkman and Gowans

(1965 a, b, 1966) showed that tritiated thymidine-

labelled bone marrow cells injected into syngeneic

animals provided labelled monocytes. Van Furth and

Cohn (1968) excluded the spleen as an important source

of monocytes and showed that monocytes and tissue macro¬

phages were derived from bone marrow, by partial shield¬

ing of the bone marrow followed by triated thymidine

labelling. These authors also demonstrated in vitro

that a high percentage (30 per cent.) of the glass

adherent cells derived from the bone marrow of these

mice showed labelling with tritiated thymidine. Van

Furth e_t al. (1970), found that about one fifth of such

glass adherent cells, cultured for 6 hours, could be

classified as promonocytes, .according to Van Furth and

Diesselhoff-den-Dulk (1970) there was a high percentage

of labelling of promonocytes, and a low percentage of

labelled monocytes in vitro which showed that promono¬

cytes were the main dividing cell in the bone marrow.

Increasing/
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Increasing labelling of blood monocytes occurred during

the first 24 hours in vivo after the injection of one

pulse of tritiated thymidine.

The evidence that tissue macrophages and inflammat¬

ory macrophages are derived largely from blood monocytes

is now well-established. (Van Furth, 1970; Pearsall

and Weiser, 1970; Vernon-koberts, 1972; Spector, 1969;

Kyan and Spector, 1970).

The recovery from ethyl palmitate induced blockade

was clearly related to regenerative changes, at least

as far as the spleen was concerned. The increased up¬

take of colloidal carbon on the fifth day by the spleen

and liver indicated that recovery from blockade was well

established by this time. It is probable that recruit¬

ment of blood monocytes into the liver and spleen also

occurred during recovery from this form of KSS blockade,

karly proliferation of resident littoral cells in the

liver was suggested by the ease with which intra-

sinusoidal mitoses could be identified in Iyu thick
sections of liver 24 hours after ethyl palmitate inject¬

ion, but it was not clear which cell types were dividing,

elimination of the Blocking Agent»

In the present studies, some cholesterol oleate

was apparently retained in Xupffer cells and splenic

macrophages for more than 7 days. During this period,

substantial renewal of macrophages was inferred. Using

doses of 30 mg. or more of thi3 lipid little hyper-

phagocytosis is known to occur (Stuart, 1970). This

implies/



implies that some of the macrophages that have ingested

the lipid may tend to be inactivated. It is possible

that some of these macrophages migrate out of the liver

eventually. Migration of Kupffer cells out of the

hepatic sinusoids into the lung was demonstrated by

Nicol and Cordingley (1967)* They injected carbon

intravenously and observed carbon laden macrophages in

the lungs from 3 to 6 weeks after the injection. The

amount of carbon in the liver decreased over a period

of months. It is readily apparent however, that the

rate of removal of carbon is very slow in comparison

with the rate of recovery from blockade due to carbon.

elimination of ethyl palmitate from most tissues

apart from the spleen occurs within a few days accord¬

ing to Kawasaki and Finch (1972). In their studies,

the persistence of the lipid in the spleen at the same

level for 7 days is of interest because of the rapid

regeneration that occurred from about 72 hours after

the injection of single dose of the lipid in the present

studies. The persistence of foci of necrosis for up to

7 days or so may be partly accounted for by the persist¬

ence of lipid in these foci.

Judging from the evidence that suggests that many

colloids induce macrophage proliferation or monocytic

mobilisation, it is reasonable to postulate that this

process is an important factor determining recovery

from blockade in most conditions of blockade of the SEE.

Elimination of the blocking agent cannot be achieved

when/



when inert colloids such as colloidal carbon or thoro-

trast are used to produce blockade» The presence of

macrophage proliferation after cholesterol oleate-

induced blockade suggests that the fact that the induc¬

ing agent can be degraded has little influence on the

processes mediating recovery from blockade#
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The Mechanism of enhancement of xha^ocytosis
Induced, by Lipids

Enhancement of phagocytosis by the RES can be

induced by the simple lipids Triolein, tricaprin and

2-oleodistearin. (Stuart et al. I960; Biozzi et al.

1963 a; Stuart and Cooper, 1963). Many other agents

have been shown to induce hyperphagocytosis and there

are certain similarities between the cellular changes

induced by triglycerides and those induced by other

agents that justify consideration of the latter.

The following list is a representative sample of

the agents used to induce experimental hyperphagocytosis;

Saccharated iron oxide (Benacerraf et al. 1954)•
Thoratrast (Howard, 1957).
Dextran (Biozzi et al. 1956).
Albumin-Globulin complex (Benacerraf et al. 1955a).
Diethylstilboestrol and other natural and synthetic
oestrogens (Biozzi et al. 1957; Heller et al. 1957;
Hicol and Bilbey, I960; Juhlin and Miquel, 1961;
Nicol et al. 1965).
Small doses of cortisone (Snell et al. I960 a, b; Hicol
et al. 1965).
Zymosan (Fitzpatrick and Hi Carlo, 1964).
Glucan (Riggi and Di Luzio, 1961; Di Luzio and Riggi,
1964 a).
Laminarin (Di Luzio and Riggi, I97o).
Ryran copolymer (Munson et al. 1970b).
Methyl cellulose (Blickens and Di Luzio, 1964).
"Restim" (Heller, I960; Heller et al. 1963).
Salmonella typhi endotoxin (Arrendo and Kampschmidt,
1963).
Dead Myco. tuberculosis (Halpern et al. 1964).
Live B.C.G. (Biozzi et al. I960).
Live and dead Corynebacterium parvum (Prevot, I960;
Halpern/
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Halpern et al. 1964-).
Mycobacterium phlei (Biozzi et al. I960).
Mycobacterium graminis (Biozzi et al. I960).
Lipid "A" (Howard et al# 1957)•
extracts of B.O.G. and killed B.G.G. (Bouvier and Bohme,
I961).
Listeria monocytogenes (North, 1968).
Phytohaemagglutinin (Jennings and Hughes, 1970).

The administration of live and killed bacteria,

zymosan and crude extracts of gram negative bacteria

not only stimulate phagocytosis, but also induce hyper¬

plasia of the lymphoreticular system by virtue of their

"irritant" and antigenic properties (Oooper, 1964;

Stuart, 1970)# Increased output of corticosteroids by

the adrenal glands may also be stimulated by these

agents (Stuart, 1970)# A direct correlation between

ilLS stimulation and endotoxic response has been quest¬

ioned by Golub, Groschel and Nowotny (1967)# Different

preparations of endotoxin may induce very different

responses; Preedman and Sultzer (1964) found that two

preparations of a trichloracetic acid extraction of

Salm. typhosa 0-901 prepared in different laboratories

were similar with regard to their lethality, pyro-

genicity, tolerance induction and modification of host

resistance to experimental infections. On the other

hand, one preparation induced early enhancement of

phagocytosis followed by depression; the other prepar¬

ation had the opposite effect. Species differences

are also important, arrendo and Kampschmidt (1963)

found that the initial depression of BBS phagocytosis

caused/
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caused by lipopolysaccharides from iSsch. coli, Serratia

marcescens and gtaph. aureus in mice and rabbits was

not evident in rats.

Preparations of zymosan, even when derived from

the same source, show substantial variability in

toxicity, ability to stimulate phagocytosis and in

their effect upon endotoxin lethality (Di Oarlo and

Piore, 1958; Fitzpatrick and Di Oarlo, 1964; Preedman

and Sultzer, 1961). There is no evidence to suggest

that the triglycerides that can induce hyperphagocytosis

are associated with such variable responses, nor are

simple lipids antigenic (btuart, 1970)• Because of this,

the use of triglycerides such as triolein and tricaprin

seems to offer a more satisfactory method of studying

the mechanism of hyperphagocytosis than that offered

by the use of microbes and their products. No doubt

purified microbial products, that are not antigenic,

such as glucan and mycobacterial lipid offer similar

advantages, but whereas the purity of these complex

agents might be questioned, the purity of synthesised

triglycerides is not in doubt.

The lymphoreticular hyperplasia induced by live

and killed facultative intracellular bacteria has not

been accurately quantitated except by North (1969 a, b)
who quantitated the mitotic response of hepatic littoral

cells and peritoneal cells due to infection with Listeria

monocytogenes and demonstrated that the peak macrophage

proliferation preceded the acquisition of effective

immunity/
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immunity to an unrelated bacterium.

Many studies have indicated that agents such, as

zymosan, glucan, methyl cellulose and pyran copolymer

induce hepatosplenomegaly (Fitzpatrick and Di Oarlo,

1964; Riggi and Di Luzio, 1961; Ashworth et al. 1963;

Wooles and Di Luzio, 1964; Blickens and Di Luzio, 1964;

Munson et al. 1970 b). Forbes (1965) used an auto¬

radiographic technique, employing tritiated thymidine,

to evaluate the proliferative response of peritoneal

cells after subcutaneous endotoxin injection. He

demonstrated a four-fold increase in the number of

labelled peritoneal cells and judged that 95 per cent,

of the labelled cells were macrophages. The peak

response was 3 days after treatment with endotoxin.

The main body of evidence showing that inert

colloids, zymosan, endotoxin and oestradiol induce

proliferation of JABO cells was provided by £el3y, et al.

(I960, 1962). These workers demonstrated that the

recovery from blockade, induced by saccharated iron

oxide and colloidal carbon, coincided with increased

DNa synthesis in the liver. Iiyperphagocytosis of

colloidal carbon due to zymosan, oestradiol and Lsch.

coli endotoxin was also associated with increased DNA

synthesis in the liver. Autoradiographs prepared after

the injection of tritiated thymidine showed that the

proliferating cells were mainly the littoral cell3 of

the hepatic sinusoids. Oestradiol treatment resulted

in labelling of 10-15 per cent, of littoral cells that

were/
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were she n to be phagocytic by injecting saccharated

iron oxide* Furthermore, cells that had ingested
saceharated iron oxide were shown to be labelled* Kelly
and Dobson (I97D demonstrated that the hyperphagocytosis

in the liver and spleen induced by endotoxin was not

radio-sensitive whereas the increase in Had phagocytic

activity and cell proliferation induced by oestradiol
was abrogated by Irradiation* They concluded that the

hyperphagocytosis induced by oestradiol was due to an

increase in the number of phagocytes, whereas that

induced by endotoxin was the result of enhanced phago¬

cytosis by individual cells* The combined stimulating

effect of oestradiol and endotoxin was found by Dobson

and Kelly (1973) to be greater than the additive effect
of the separate responses, suggesting that each agent

miJit have different modes of action that they were

synergistic. Fred et al* (1970) showed that glucan had
a stimulating effect, albeit somewhat limited, when it
was injected within one day of irradiation and inter¬

preted this effect as evidence of activation of existing

A&3 cells by glucan*

Di Jjuzio e& al. (1970) demonstrated that glucan-
induced stimulation of the iiiSS was primarily due to an

increase in the number of active macrophages* Isolated

Kupffer cells, on the other hand, were less phagocytic
than Kupffer cells from untreated nice and opsonins

could not be implicated in the hyperphagocytic effect

of glucan* Ttoe cellular bypofunction in the presence of

general/
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general Ri&> hyperfunction was thought to be due to the

"immaturity" of macrophages resulting from the high

degree of macrophage proliferation, hi Luzio, Pisano

and Saba speculated that the reduced cellular maturity-

could be associated with reduced metabolic activity

or a reduction in the number of cell receptor sites.

The operation of a homeostatic mechanism controlling

the number of macrophages i3 suggested by the findings

of wooles and oi Iazio (1964) who observed regression

of organ hyperplasia that coincided with profound

depression of phagocytosis about 25 days after cessat¬

ion of gluean treatment, suggesting that over-compen¬

sation of the putative homeostatic mechanism effecting

regression had occurred. 3y 30 days the situation had

returned to normal.

Nicolescu and Rouiller (1967) attributed the

stimulation of the RES induced by zymosan to multi¬

plication of endothelial cells in the liver sinusoids

associated with conversion of these cells into typical

Kupffer cells. The effect of endotoxin stimulation on

hepatic phagocytosis was attributed by Howard, Rowley

and wardlaw (1958) and Howard (1959) to recruitment of

new phagocytes without an increase in the number of

littoral cells in the liver sinusoids. This was

interpreted as F-cell to G-cell transformation, which

implies conversion of endothelial cells into Kupffer

cells. The work of Kelly et al. (I960, 1962) indicated

that zymosan and endotoxin seem to induce early pro¬

liferation of littoral cells, although an influx of

labelled/
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labelled monocytes may account for some or even all of

this apparent proliferation. vVisse (1970) strenuously-

denied that conversion of endothelial cells into macro¬

phages occurred as a result of zymos n treatment, at

least in rats.

Triolein and tricaprin are potent stimulators of

phagocytosis by the RAc> as judged by carbon clearance

studies (Stuart et al. I960 a, b, 1963? Stuart and

Cooper, 1962, 1963* Cooper, 1964). Triolein treatment

enhanced the clearance of intravenously injected atten¬

uated pneumococci (Cooper and Stuart, 1962) and enhanced
51

the clearance of Cr-labelled lipopolysaccharide

(Stuart and Cooper, 1962). 2-oleodistearin differed

from triolein and tricaprin in that a dose of 30 mg.

induced a period of phagocytic depression lasting about

one day before iiSS stimulation occurred. A dose of

10 mg. did not induce early hypophagocytosis. With

this exception, these three simple lipids induced a

rapid hyperphagocytic response when injected intra¬

venously in doses of 10-20 mg. Other saturated tri¬

glycerides were less effective (Cooper, 1964).

None of the previous studies suggested that

triolein or tricaprin induced notable hepatosplenomegaly

and no macroscopic enlargement of the liver or spleen

was observed in the present studies with tricaprin.

Carbon clearance rates were not estimated in the present

studies, but the distribution and amount of carbon

localised in the liver 15 minutes after its injection

indicated/
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indicated that there was an increase in the number of

active phagocytes, without any increase in endothelial

phagocytes. This increase can be interpreted as a

measure of enhancement of phagocytosis by pre-existing

phagocytes, but modest local proliferation of Kupffer

cells or recruitment of monocytes cannot be entirely

excluded. Splenic uptake of carbon was not enhanced

by tricaprin treatment, perhaps as a consequence of the

increased liver uptake.

Tricaprin treatment induced morphological changes

in Kupffer cells that were readily apparent 48 hours

after intravenous injection of the lipid. The Kupffer

cells were enlarged, and not infrequently straddled

sinusoids. They contained more numerous organelles

including electron-dense, lysosome-like granules and

also contained phagosomes in which there were mixtures

of material of different electron density. In addition

some of the endothelial cells contained a few more

lysosome-like granules than was evident in their

untreated counterpart, but other organelles were not

increased in number.

The effect of tricaprin injected intraperitoneally

was to induce an exudate containing a large proportion

of monocytes. Tween-ilO injection induced a similar

exudate, electron microscopical studies did not reveal

a conspisuous difference in the cytology of populations

of peritoneal cells derived from mice injected 48 hours

previously with tricaprin compared with cells from mice

injected/
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injected, with I per cent. Tween-20 in 5 per cent, dext¬

rose water except for the presence of lipid within some

cells. Phase contrast studies of these peritoneal cells

in culture showed that tricaprin induced more active

movements and pinocytosis early in culture than Tween-

20. The rates of spreading on glass were comparable.

The impression was gained that tricaprin-treated peri¬

toneal cells seemed to exhibit more efficient phago¬

cytosis of opsonised erythrocytes than Tween-20 treated

or untreated peritoneal cells.

In a series of studies of the effects of simple

lipids on the phagocytic properties of mouse peritoneal

cells (Cooper and west, 1962; Cooper, 1964; Cooper and

Houston, 1964; Lee and Cooper, 1964), the following

observations were made: Peritoneal cells exposed to

triolein emulsion (containing 1.0 per cent. Tween-20)

showed enhancement of the phagocytosis of and intra¬

cellular killing of avirulent and virulent micro¬

organisms when well-opsonised with pig serum. Poorly

opsonised organisms, treated with rat serum, that were

not phagocytosed by the peritoneal cells from untreated

mice were phagocytosed by triolein treated peritoneal

cells. Neither untreated nor triolein treated peritoneal

cells ingested the bacteria in the absence of serum.

The proportion of actively phagocytosing peritoneal cells

was increased after treatment with triolein. Normally,

peritoneal cell phagocytic activity was limited to about

50 per cent, of the cells when the cells had been

incubated/
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incubated with an optimum concentration of well-opso-

nised bacteria for 60 minutes. This proportion was

raised to about 70 per cent, by triolein pre-treatment.

Normal peritoneal cells, that had ingested Esch. coli

were unable to ingest a second bacterial strain, but

treatment with triolein after the cells had ingested

Esch. coli resulted in the cells acquiring the ability

to ingest significant numbers of the second bacterium.

It was postulated that the gradual increase in the

number of active phagocytes that occurred during a

hour incubation of normal peritoneal cells with well

opsonised bacteria represented a process of phagocytic

maturation. Triolein and lipopolysaccharide were thought

to accelerate this process of maturation.

The electrophoretic mobility of untreated peri¬

toneal cells was depressed for a period after being in

culture. Triolein or lipopolysaccharide pre-treatment

prevented this depression of mobility. Triolein did not

induce an increase in acid phosphatase at any stage up

to 72 hours after exposure to the lipid, whereas there

was an increase in the cellular content of acid phos¬

phatase after lipopolysaccharide treatment. Triolein

tended to induce early peritoneal cell lysis unless a

small percentage (Io2 - I»5 cent.) of bovine serum

albumin was included in the culture medium, suggesting

that triolein exerted a direct effect upon cell mem¬

branes. Most of thi3 information was derived from

experiments in which peritoneal cells were exposed to

triolein/
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triolein in vitro. The induction of a monocyte-r ic h.

peritoneal exudate was observed when mice were injected

intraperitoneally with triolein emulsion.

The increase in the size of kupffer cells and in

their content of lysosome-like granules that was

observed after treatment with tricaprin resembles the

changes that have been described in other experimental

situations. Increase in the lysosomal content of

Aupffsr cells was observed by Howard et al. (I958)»

Bohme ot al, (1961) and Thorbecke et al. (1961) following

endotoxin injection and infection with salmonella

typhimurium and BCG. Hilled mycobacteria induced

similar changes in alveolar macrophages, (Heise et al.

1965; leake and myrvik, 1968). enlargement of Hupffer

cells after repeated injections of glucan was reported

by Ashworth et al. (1965), and after a single injection

of triolein (Stuart and Cooper, 1962). These findings

suggest that tbere is a common link between the bacterial

agents and the lipids as regards their capacity to induce

intracytoplasmic morpnological changes.

In the present studies, a conspicuous increase in

the content of primary lysosomes within peritoneal cells

was not found in association with intraperitoneal tri¬

caprin treatment, increase in lysosomes in triolein

treated peritoneal cells was demonstrated by Carr (1967>

1968) and Carr and Williams (196?) and in peritoneal

cells treated with glucan (Carr, 1968). Carr (1968)

used freezing and thawing to facilitate the demonstration

of/
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of increased lysosomal acid phosphatase and esterase

in triolein and gluean-treated peritoneal cells and

this may explain why a similar increase was not

observed by Lee and Cooper (1964) who did not use this

technique. Nevertheless, it is more probable that the

time taken for these changes to develop explains the

different findings. Carr found that the "dramatic

increase in cytochemically demonstrable lysosomal

enzymes", induced by triolein was not seen until 5 days

after treatment with the lipid in vitro. Lee and

Cooper (1964) did not examine the enzyme content of

peritoneal cells exposed to triolein for longer than

72 hours. The absence of a conspicuous increase in

the content of primary lysosomes in peritoneal cells,

48 hours after the intraperitoneal injection of tricap-

rin corresponds to the findings of Lee and Cooper (1964)

and Carr and his co-workers using triolein. The

presence of phagosomes containing a mixture of materials

of differing electron density in kupffer cells is

perhaps the result of ingestion of tricaprin. The

osmiophilic droplets in peritoneal cells only after

tricaprin treatment are almost certainly evidence of

ingestion of lipid by these cells. Similar phagosomes

were observed in peritoneal cells by Carr and *villiams

(1967) and Carr (1968) and radio-labelling identified

triolein within peritoneal cells. Intraperitoneal

injection of triglycerides results in their localisation

in macrophages in sternal lymph nodes, where the lipid

is rapidly metabolised, little lipid being detected 24

hours/
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hours after its injection (Day et al. 1966). Never¬

theless, the evidence from the present studies indicates

that tricaprin injected intraperitoneal^ was ingested

by peritoneal macrophages and was associated with

stimulation of several activities of these cells. On

the other hand, there was no increase in the number of

primary lysosomes in these cells. The apparent increase

in the number of lysosomes in nupffer cells after the

intravenous injection of the lipid may have been

related to the different route of injection and it is

possible that contact between the lipid and plasma may

have determined this change in the intracellular content

of lysosomes.

The morphological and functional changes that

have been observed in peritoneal cells which have been

in contact with tricaprin and triolein resemble the

changes induced by microbial agents in vitro described

by Cohn and Benson (1965), Mackaness and Blandin (1967),

Blandin (1968), mackaness (I97u), Hard (1969, 1970)

and Youmans (I97I)»

Enhancement of phagocytosis by the RES induced by

bacteria and the products of bacteria and yeasts seems

to be principally determined by hyperplasia of the

RES. On the other hand, the enhancement of phagocytosis

induced by lipids does not seem to be as dependent on

hyperplasia of the RES and is probably related to the

capacity of these lipids to increase the efficiency of

phagocytosis by populations of macrophages. This

effect may be due to stimulation of phagocytosis by

macrophages/
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macrophages that are otherwise relatively quiescent

and has been likened to an acceleration of a process

of maturation of macrophages. It is also possible that

lipids might induce hyperphagocytosis by individual

cells, perhaps by prolonging the time before macrophages

cease to phagocytose. The studies of North (1968)

indicate that this can occur when exogenous aTP is

made available to peritoneal cells in culture. The

stimulation of spreading on glass and phagocytosis of

particles that has been demonstrated in vitro using

adenosine and its nucleotides, particularly aTP, (North,

1968; (John and parks, 196?) suggests that enhancement

of such activities by triglycerides may be related to

alteration in metabolic activities that result in

increased amounts of ATP being available for membrane

activities. In view of the similarities in the morpho¬

logical and functional changes induced by lipids and

microbial agents in vitro, it is probable that there is

a tendency for a higher proportion of macrophages to be

actively phagocytic in animals treated with any of

these agents. On the other hand, in the event of a

particularly 1 rge mobilisation of monocytes from the

blood, the efficiency of macrophage populations might

be reduced as a result of the relative ♦immaturity1

of many of the immigrant cells.

It has already been suggested that plasma factors

might be implicated in the induction of lysosomal

synthesis in kupffer cells in mice treated with

tricaprin/
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tricaprin and the question arises whether plasma factors

might "be implicated in the enh ncement of phagocytosis

by the RES. In situations where bacteria and other

antigenic agents are employed, specific enhancement of

phagocytosis can, of course, occur as a result of immune

opsonisation. In the present and analogous situations,

however, there is currently no evidence that implicates

increased opsonic activity in the genesis of enhance¬

ment of phagocytosis of simple colloidal preparations,

although little work has been done in this connection,

an example is the study of the role of opsonins in the

enhancement of phagocytosis by the REE in glucan-treated

mice by hi Luzio et al. (1970). They found that opsonins

were not implicated.

enhancement of phagocytosis in vivo as a result of

treatment with tricaprin was not evident when sheep

erythrocytes wore used as the test particle. It is

possible, ho..ever, that delayed clearance of these

particles in this situation was the result of reduced

liver blood flow. It can be conjectured that in any

situation were substantial hyperplasia of the RES occurs

the liver blood flow might be reduced. Enhancement of

splenic uptake of heterologous erythrocytes is a possible

consequence in such situations and is an important

consideration in studies designed to assess the effect

of agents that stimulate the phagocytosis of carbon, and

similar test particles, on the immune response to large

particulate antigens such as sheep erythrocytes.
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andotoxin Contamination of Lipids
and Colloidal Carbon

Hopps and Pent (1962) drew attention to the vari¬

able endotoxin contamination of commercial India ink

and considered that the carbon preparation free of

shellac described as being "non toxic" by Halpe^n,

Benacerraf and Biozzi (1953) might still be contaminated

with endotoxin and thereby merely be "less toxic" than

the shellac content of India ink. Hanna and watson

(1965) observed a considerable pyrogenic effect in

rabbits after intravenous injection of Special Biological

Ink CII/I43Ia and obtained biphasic fever curves that

were considered to be characteristic of endotoxin.

Enhancement of the rate of clearance of colloidal

carbon was found 48 hours after the first injection of

3 doses of colloidal carbon. This effect was thought

to be in keeping with that induced by endotoxin. Efforts

to induce cross-tolerinco ^nd thereby prove the exist¬

ence of endotoxin in the carbon preparations provided

inconclusive results. Inactivation of pyrogen!city by

alkaline treatment was judged to exclude the carbon

particles, per se, as the responsible agent. I^rogeni-

city of polystyrene latex particles was reported by

Kobayashi and Friedman (1964). Alkaline and acid treat¬

ment removed this effect without destroying the latex

particles. Adsorption of acid treated particles with

endotoxin restored the pyrogenicity- oimilarly, pyro-

genicity was found by Ransom and willner (1965), using

preparations of I per cent. Tween-20 in 5 per cent,

dextrose/
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dextrose, and emulsions of triolein and ethyl stearate.

The pyrogenic effect of the lipid preparations was

greater than that of Tween-20 and was attributed to

endotoxin contamination. These authors commented on

the ubiquitous presence of endotoxins in biological

materials implying that virtually any experimental

situation using biological materials could be subject

to the effects of endotoxin.

All these workers used rabbits as their test

animal which readily display any pyrogenic effect of

an injected agent. In the present experiments, no

attempt was made to test the pyrogenicity of any of the

materials used, although had there been a pyrogenic

effect, it would probably have been observed. In any

event, if Hanna and watson and Ransom and willner are

correct, then it is virtually certain that endotoxins

could have been a contributing factor in the experiments

using agents such as fwoon-20 and simple lipids. It is

extremely difficult to know just how much weight should

be given to information of this kind. The absence of

follicular proliferation in the Malpighian bodies of the

spleen is a point against there having been endotoxin

contamination of the lipids used in aie present experi¬

ments. furthermore, it is unlikely that the clear cut

differences in the morphological and functional changes

induced by the three lipids could all have been due to

an endotoxin effect. Nevertheless, the possibility of

endotoxin contamination cannot be entirely ignored in

studies/
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studies of this .hind and in retrospect it would appear

to be prudent to test for the existence of endotoxin

contamination, whether it would be possible to elimin¬

ate such contamination without altering agents such as

lipids is problematical.



ihe Bignificance of Rosette forming Cells

quantitative detection of antibody forming cells

in populations of lymphoid cells was first undertaken

using methods based on localised haemolytic plaque

fromation (Jerne and Nordin,1963; Ingraham and Bussard,

1964). Improvement of this technique by Cunningham

(1965) resulted in a higher yield of plaque forming

cells (PFC) and the use of anti-globulin anti-serum to

reveal cells forming non-haemolytic antibody (Dresser

and Wortis, 1965; Btertzl and kiha, 1965) increased

the sensitivity of the technique even more.

Until recently, the method of immuno-cytoadherence

(Nota et al. 1964; ^aalberg, 1964 and Biozzi et al.

1966) was considered to be a very much more sensitive

measure of antibody producing cells. This method was

applied to the kinetics of the immune response in lymph

nodes (Biozzi et al. 1966) and the spleen (Biozzi £t al.
1967, 1968). A comparison between the results of the

haemolytic plaque technique and immuno-cytoadherence
8

technique showed that immunisation with 10 sheep

erythrocytes yielded 60,000 - 216,000 B?C per I08 spleen
8

cells and about I,0u0,0uQ itFG per 10 spleen cells at

the peak of the primary immune response the corresponding

background counts in unimmunised mice were 18-220 FFG

and about 70,0u0 AFC (Jerne et al.; Biozzi at al 1967;

1968). several studies were consistent with the belief

that RFG were antibody producing cells. Biozzi et al.

(1966, 1967, 1968) demonstrated that the kinetics of
an ;ibody/
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antibody production and the RFC response of the spleen

had a similar profile in both the primary and secondary

responses. Cunningham et al. (1966) showed that the

kinetics of the PFC and RFC responses in lymph nodes

were similar. They observed that all PFC could form

HFC but that not all RFC could form PFC a finding which

is in keeping with the observation by Zaalberg et al.

(1966) that 90 per cent, of the rosettes were lysed by

adding complement to the system either alone or after

adding anti-immunoglobulin anti-serum.

moav and Harris (1970) made a comprehensive

comparative study of the kinetics of the PFC and RFC

response in mouse spleen after immunisation with sheep

erythrocytes. They examined the effect of actinomycin-

i) on in vivo RFC and PFC responses and the effects of

anti-metabolites and protein inhibitors on the kFC and

PFC responses in vitro, The effect of anti-mouse IgG

and its Fab fragments on and the 2-mercapto-ethanol

sensitivity of RFC were studied and a correlation between

the distribution of PFC and RFC on bovine plasma albumin

density gradients was made. They found that de-novo

biosynthesis of nucleic acids and protein was required

for the formation of rosettes and for plaque formation

and active synthesis of antibody was required for both

processes. Newly synthesised antibody molecules still

attached to the cell were thought to act as specific

receptors on RFC; These could be blocked with anti-

mouse IgG and anti-mouse IgG-Fab anti-sera. Both I9S

and/
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and 76 antibody forming cells could form rosettes. The

number of HFC was greater than the number of PPO at all

stages of the primary and secondary responses, but this

was judged to be related to the differences in the

sensitivity of the two tests. In contrast to these

findings, dhearer and OudJcowicz (1958), reported that

HFC din not produce plaques when embedded in agar with

complement and anti-immunoglobulin antiserum, but it is

possible to argue that the low sensitivity of their

plaque forming technique was responsible for the apparent

discrepancy between their results and those of moav and

Harris (1970).

morphological studies were carried out by dtorb and

weiser (1957 b, 1968) essentially with the aim of

classifying the different types of antibody-forming cells.

Their studies demonstrated that immune RFC included

lymphocytes of small, medium and large size, blast cells,

plasma cells and macrophages. Passively sensitised cells

were found to be almost entirely macrophages, Rosette

formation by cell types other than macrophages was

considered to be associated with antibody synthesis by

these cells.

The findings of gtorb et al. (1969) were similar

to those of Moav and Harris (1970) in relating the RFC

response in the spleen to the antibody titre in the

serum, dtorb et al. (1969) found that the proportion

of rosette forming macrophages increased from 17 per

cent, on day 2 to 32 per cent, on day 5» dropping to

£3/



-370-

23 per cent on day 6. Ttie contribution of macrophages

was restricted to I per cent when the method described

by Nota et al. (1964) was used by Pavlovsky et al.

(1970). The proportion of plasma cells at the peak of

the HFC response (day 6) was found by 8torb et al.

(1969) to be about 7 to 8 per cent. Pavlovsky et al.

(1970) found 4 per cent, plasma cells at the peak of

the primary response; an increase in this proportion

of plasma cells was induced by pre-treatment of mice

with Corynebacterium parvum (Decreusefond et al. 1970).

dudat et al. (1970)t in their studies of the ultra-

structure of 198 and 78 antibody producing cells, found

that RFC and Pl'C both included lymphocytes and plasma

cells and that both types of cell were pleomorphic and

included transitional forms. Nevertheless otorb et al.

(1969) considered that 90 per cent of PFC were of the

plasma cell series whereas only 10 per cent, of HFC

were plasmacytoid. Macrophage RFC were also found and

were sho..n by dudat £t al. (1971) to be more conspicuous
in a second peak of RFC on tho 10th day after immunis¬

ation than in a first peak at day The second RFC

curve correlated well with the peak of the 78 antibody

response, in keeping with the inference that macrophage

HFC were passively sensitised with antibody. As

mentioned previously the proportion of macrophages is

small if the rosette technique of Nota jit al. (1904)
is used, whereas the more rapid methods used by some

workers seem to encourage macrophage rosette formation.

^Spontaneous/
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Spontaneous rosette formation in unimmunised

animals was investigated "by Biozzi et al. (1966, 1967,

1968)• The average mouse spleen was found to contain

about 70,000 RFG against sheep erythrocytes# Pavlovsky

et al. (1970) found that 77 par cent, of these were

small lymphocytes and 23 per cent, were medium sized

lymphocytes. The "surprisingly high" level of RFC in
unimmunised mice was thought to be responsible for the

synthesis of natural antibodies against RFC present in

the serum of adult mice (Biozzi et al. 1966, 1967, 1968).

But the conclusion was arrived at by these workers that

the level of natural antibody was not related to the

magnitude of the immune response and that only about

4,000 target cells were required to initiate the immune

response to a dose of sheep erythrocytes required to

give a maximal response. Bach et al. (1970, 1971)
observed that RFC against chicken erythrocytes were

present before birth in Swiss mice, which conflicted

with the view that antibody formation was involved in

spontaneous rosette formation. Many spontaneous RFC

were found to be sensitive to anti-lymphocytic and

anti-theta anti-sera in the presence of complement,

suggesting that they were thymic dependent cells. Other

experiments indicated that spontaneous RFC produced the

receptor responsible for the adherence of erythrocytes.

Bach and his co-workers suggested that spontaneous RFC

against heterologous erythrocytes are small lymphocytes,

producirag cell bound, antibody-like receptors, which

might be antigen-sensitive cells. Some other spontaneous

RFC/



—£72—

KPQ could bo natural-antibody prolucing colls, but

thoy postulated that the putative antigen-sensitive

cells are those involved in the initial phase of the

inmine process - namely, antigon recognition# ueyos

and Bach (1970) using colloidal carbon to identify

macrophages, found that a third of spontaneous IPC were

macrophages, the remainder being small lymphocytes.

Bach et al. (1971) considered that spontaneous -iFC

probably include three types of cells; antigen sensitive

theta-antigen positive lymphocytes (60 per cent#)#

Antibody forming cells nd PPC progenitor calls (15 per

cent#) and macrophages (25 per cent#)#

The prohablility that both thymus-derived (2)

lymphocytes and bona marrow-derived (B) lymphocytes

form rosettes in the immune response to sheep erythro¬

cytes in mice was suggested by the work of Bchlesinger

(X97C), and Greaves and roller (1970). dchlesinger

found that treatment ox pieen cell suspensions from

immunised mice with anti-theta anti-serum plus guinea-

pig complement resulted in 27 per cent# to 57 P$r cent#

inhibition in the iiPC response at the peak of the

response on the fifth and sixth days# No effect on the

PJfC response was demonstrated with tais treatment#

Purthcrmore, spontaneous duQ wore unaffected by this

treatment# Greaves and moHer (1970) experimented with

adult, thymectomysed, bone-marrow reconstituted mice,

restored with sami-allogenaic toymus. Using anti-d-2

anti-sera they found that about 40 per cent# of rosettes

were/
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were thymic donor cells, three days after immunisation.

Six days after immunisation, few RFC were thymic donor

cells. These authors found that 4-1 per cent, to 48 per

cent, of spontaneous RFG were theta-antigen positive.

The immune RFC response sifter immunisation with

sheep erythrocytes was found to correlate well with the

adoptive immune response induced by the same spleen cell

populations when injected into syngeneic , irradiated

recipients, (moller and dreaves, 1971)* 'Tks PPO

response, in contrast, correlated poorly with the

adoptive immune response. The px'oportion of theta-

antigen positive iiPC was about 36 per cent, at the peak
O

of the response against an injection of 4 x 10 sheep

erythrocytes. Anti-theta antiserum significantly

depressed the adoptive immune response.

The conclusions about tae proportion of T cells in

spontaneous and immune i.C arrived at by using some

anti-theta anti-sera are perhaps of doubtful validity.

Takahashi et al. (1971)# reported that anti-theta anti-

sera produced from congenic mice did not inhibit

rosette formation. They suggested that the inhibition

of rosette formation by anti-theta anti-sera in common

use was due to an unidentified antibody that was not

necessarily active only against T cells. This, finding

tended to he supported by that of Baird et al. (1971)
who demonstrated anti-iiUmunoglobulin activity in anti-

theta anti-serum.

A predominantly bone marrow derived (B) lymphocyte

character/

f
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character of spontaneous RFC in unimmunised mice was

suggested by the work of Brody (1970) and Gorczynski et

al. (1971 b), by examining the immunocompetence of

spontaneous RFC. Combinations of purified rosettes with

several lymphocyte populations in vivo and in vitro

demonstrated that thymic derived cells needed to be added

to restore full immunocompetence.

Wilson and Miller (1971) used three methods to

demonstrate T and B lymphocytes in the RFC from unimmunis¬

ed and immunised mice; T cells were identified using

anti-theta antiserum, with brain-adsorbed, anti-theta

anti-serum as control. T cells in neonatally thymecto-

mised mice restored with semi-allogeneic thymus cells were

identified using appropriate anti-H-2 antisera. B cells

were identified by their high density of surface immuno¬

globulins relative to T cells, using radio-iodinated anti¬

immunoglobulin anti-serum. 'They found that morethan 80

per cent, of spontaneous RFC were B cells, but that the

proportion of T cells in immune RFC rose to between 40

per cent, and 50 per cent, by the sixth to tenth days

after immunisation.

The effect of various anti-immunoglobulin antisera

on spontaneous and immune rosette formation, investigated

by Bach et al. (1970, I97I)> Biozzi et al. (1967)» Moav

and Harris (1970), Greaves and Hogg (1971)1 Greaves (1970),

Wilson (1971 a) and ffossal et al. (1972), indicated that

the antigen specificity of rosette forming cells is

mediated by immunoglobulin determinants on the surface

of/
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of antigen binding cells. kabellino et al. (1971) and

Vitetta et al. (1972) were unable to demonstrate immuno¬

globulin determinants on the surface of T cells. This

can perhaps be explained by the observation of Nossal

et al. (1972) that B cells bind 100 to 400 times more

antiglobulin on their surface than T cells. Further¬

more, rapid loss of immunoglobulin determinants from

the surface of T and B cells was demonstrated by Wilson

(1972) when lymphocytes were incubated at 37°0. Vitetta

and Uhr (1972) thought that such shedding of immuno-

globulin-like antigen-specific receptors in the

unimmunised mouse might give rise to natural antibody.

Morphological evidence of spot-like areas of

contact on the surface of lymphocytes was found in the

present studies. Similar evidence was found by Storb

et al. (1969) and Giudat and Villiger (1973)* types

of contact between erythrocytes and lymphocytes - namely,

"close fit" and "point" adherence were found by electron

microscopic examination. The "point" adherence corres¬

ponded to the contact of distorted, elongated, erythro¬

cyte processes with lymphocytes, when examined with the

scanning electron microscope (Gudat and Villiger, 1973).

This effect was thought to be due to the movement of

lymphocyte surface receptors in keeping with the dynamic

state of surface structures on lymphocytes demonstrated

by Loor et al. (1972).

Gudat and Villiger (1973) demonstrated the presence

of immunoglobulin at the sites of erythrocyte adherence

using/
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using ferritin-labelled anti-immunoglobulin anti-serum.

The focal nature of antigen-receptor sites was also

demonstrated using ferritin-labelled anti-immunoglobulin

by Mandel and Byrt (1971 )•

The only study to date that has utilised the highly

sensitive, open, carbon-methyl cellulose, haemolytic

plaque technique of Nossal et ai. (I97I)» to compare the

splenic PIG response with the RFC response after immunis¬

ation of mice with sheep erythrocytes was reported by

Wilson (I97It>). He found that less than 10 per cent* of

RFC were also PFC on the 4th day after immunisation and

less than 2 per cent, of RFC were also EFC on the 6th day.

These RFC were prepared at 4°C. when they were prepared

at 37°0 up to 16 per cent, of RFC were also PFC. Wilson

concluded that PFC had either no cell bound antigen-

binding receptors or that the receptors were not demon¬

strable at 4°C by this rosette technique. According to

Wilson (1971 a»h, 1972), B cells form 50 per cent, to 60

per cent, of the RFC on the 6th to 10th days after

immunisation with sheep erythrocytes. Therefore, it is

apparent that a large proportion of rosette forming B cells

are not antibody forming cells. Wilson (1971 afh, 1972)
considered that many rosette forming B lymphocytes are

antibody-forming cell precursors, a conclusion also

arrived at by Brody (1970) and (iorczynski et al. (1971)
Wilson (1973) demonstrated that such antibody forming cell

precursors are mostly memory cells. According to wilson

(1973) most T memory cells are not included among the

rosette-forming T lymphocytes identified in the primary

response./



-377-

response. He suggested that most of the T-RFC are cells

mediating delayed hypersensitivity.

The fact that T and B lymphocytes are involved in

immunoglobulin memory was demonstrated by Miller and

Sprent (1971), irho showed that the adoptive response to

sheep erythrocytes and fowl IgG was impaired by anti-

theta anti-serum and that the effect of the anti-serum

was reversed by adding thoracic duct cells from normal

mice. Thoracic duct cells from mice primed with fowl

IgG was ten times more efficient than thoracic duct

cells from normal mice or mice primed with horse erythro¬

cytes in reversing the effect of anti-theta anti-serum.

A poor response was obtained using T cells from primed

mice mixed with B cells from unprimed mice.

The findings of wilson (1971 b, 1972, 1973)» suggest

therefore, that most spontaneous HFC are B cells with

immunoglobulin determinants on their surface that act

as antigen binding sites. Immune HFC include antibody

forming (3) cells (pbout 2 per cent.) precursors of

antibody forming cells (about 50 per cent.) and T cells

(about 50 per cent.) at the peak of the response. Most

of the T cells forming rosettes are not implicated in

immunological memory, but may be associated with delayed

hypersensitivity, whereas precursors of antibody forming

cells are implicated in the secondary immune response

as memory cells.

The findings of Bach and Dardenne (1972 a,b, 1973)»

contrary to those of Wilson (1971 b)» Brody (1971) and

Gorczynski et al. (1971), confirmed the earlier

observations/
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observations of Bach and bis colleagues and indicated

that about 70 per cent# of spontaneous splenic HFC are

thymus dependent (T) lymphocytes. Brain adsorbed anti-

theta serum was used as a control in Bach's later

studies. According to Cunningham and Sercarz (1971)
and Neiderhuber and Moller (1973)> using adoptive

transfer systems, the T and B memory cell content of

immune spleen cell suspensions is related to the dose

of sheep erythrocytes used for primary immunisation.

T cell memory is optimal after a wide range of antigen
h Q

doses (2 x 10 - 2 x ICr erythrocytes). Antibody-

forming precursor (B) cell memory requires a large

amount of antigen (2 x 10^ - 2 x 10^) for optimal

development and increases for at least two months after

immunisation.

The present studies of the .kinetics of the HFC

response in the lipid treated mice were initiated when

this technique was thought to be a measure of the anti¬

body forming cell response. Furthermore, it was thought

to be a much more sensitive method than that based on

the use of the haemolytic plaque techniques, an

inference that determined its use in the present studies.

It now seems that this inference is untenable. Therefore

it follows that the present results, regarding the effects

of lipid on rosette forming cells, relate not to specific

antibody producing cells, but to other cells that are

necessary for an efficient immune response to an antigen

that is T and B lymphocyte dependent. This dependence

has/
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has been demonstrated in many in vivo and in vitro

studies that have been previously cited. rtosette

forming cells and plaque forming cells represent only

a small proportion of the increased cell count in the

spleen that occurs after immunisation with sheep erythro¬

cytes (Biozzi et al. 1967)* This consideration is

important for its emphasises the discrepancy that exists

between the actual cellular increases in the spleen

after immunisation and those parts that can be identified

with existing techniques.

j
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fhe infects of Blockade and Stimulation of the

RkS on the Immune Responses

It has been evident for many years that blockade

of the RLS with large doses of particulate colloids such

as Trypan blue (Gay and Clark, 1924) and India ink

(Cannon et al. 1929) can be associated with depression

of the antibody response against sheep erythrocytes*

.decent studies have confirmed that intravenous injections

of inert particulates can induce depression of immune

responses: For instance, (Cruchaud, 1968) injected

rabbits with India ink or saccharated iron oxide and

demonstrated depression of antibody response against

bovine serum albumin, while oouhami (1972) found that

colloidal carbon depressed the antibody response and

the splenic PFG counts after the injection of large

doses of sheep erythrocytes in mice*

Intraperitoneal injections of particulate colloids

have been commonly used in studies of the effects of

RiOS blockade on immune responses*

In a series of abstracts, Friedman and Sabet (1966),

Newlin et al* (1967) and Sabet and Friedman (1967)

briefly described how carbon injections impaired the

immunological response to sheep erythrocyte injections*

The route of administration was not mentioned* Later,

full descriptions of their experiments were reported*

Sabet et al* (1968, 1969) demonstrated that a single

intraperitoneal injection of colloidal carbon, 24 to 48

hours before the intraperitoneal injection of sheep

erythrocytes/
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erythrocytes resulted in substantial decrease in humoral

antibody production and splenic PIC counts# The

development of immunological memory was shown by dabet

and Friedman (1969) to be suppressed by injecting

carbon intraperitoneally one day before the injection

of 3heep erythrocytes by the same route, a second

intraperitoneal challenge with antigen resulted in

delayed production of indirect Fi?C and 2-mercaptoe-

thanol-resistant antibodyj this secondary response

was considered to be essentially similar to a primary

response, kioe primed by intraperitoneal injection of

sheep erythrocytes and then treated with carbon I to 3

days before secondary immunisation also showed depressed

antibody production.

experiments by Sabet and Friedman (1970) using

cultured spleen cells showed that colloidal carbon was

able to prevent the induction of a primary immune

response, when it was added to cultures. Intraperitoneal

injection of donor mice with colloidal carbon interfered

with the ability of cultured spleen cells to respond to

contact with sheep erythrocytes in vitro. Secondary

in vitro antibody responses were also suppressed by

injecting carbon into suitably primed mice. The

timing of the carbon treatment was important for

achieving depression of the immune response and any

doubts were resolved by oabet (1972), who showed that

efficient immunosuppression with colloidal carbon could

result from intraperitoneal injection of colloidal

carbon/
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carbon only if it was injected one or two days before

antigenic challenge by the same route.

Immunosuppression has been induced by the intra¬

peritoneal injection of a number of other agents that

have an effect on the RifiS. These include colloidal

thorium dioxide (Michael and Murray, 1970), Methyl

cellulose (Franz1, I97I)» incomplete Freund*s adjuvant

(Ohakrabarty and Friedman, 1969)» mineral oil (Huard
and Siebeling, 1971) and repeated injections of

carageenin, an alagal polysaccharide, toxic for mouse

macrophages in vitro (Ascheim and Raffel, r972)»

Melnick and Friedman (1970) found that intra¬

peritoneal injection of ethyl stearate depressed the

splenic FFG response but not the humoral antibody

response against sheep erythrocytes# Most other studies

of the immunosuppressive effects of alkyl esters have

employed intravenous injection of the lipid# For

instance, primary and secondary responses against sheep

erythrocytes were shown to be depressed by pre-treatment

with methyl palmitate (hi Luzio and Aooles, 1964) and

Ohbuchi (1968) demonstrated that methyl palmitate pre-

treatment depressed the antibody response against

bovine serum albumin injected subcutaneously in Freund1s

complete adjuvant# Li Luzio and Wooles (1964) found

that methyl palmitate pre-treatment was associated with

95 per cent# reduction in the primary haemolysin response

against sheep erythrocytes# About 75 P®** cent# reduction

in the secondary haemolysin response was also found#

Li Luzio/
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Li Luzio observed that large doses of methyl palmitate

could induce splenic necrosis, but, in the doses

usually used by this worker and his colleagues, splenic

necrosis has not been observed (Li Luzio, personal

communication). In confirmation, Ghbuchi (1968) found

that methyl palmitate in such doses did not alter the

structure of lymphoid and haematopoietic organs.

Morrow and Li Luzio (1964, 1965) demonstrated that
51^ Cr-labelled sheep erythrocytes were cleared more

slowly in methyl palmitate treated mice and that there

was reduced localisation of antigen in the liver and

spleen, apparently as a result of depressed phagocytic

activity in these organs.

Lthyl palmitate injected 24 hours before the

injection of sheep erythrocytes was shown by Stuart

and Davidson (1964) to depress the humoral antibody

response profoundly, when injected 24 hours after the

injection of antigen, ethyl palmitate delayed the

appearance of antibody, but by 20 days, the titres were

in the region of control values. Immunodepression has

not been demonstrated using intravenous injections of

ethyl stearate, at least when salmonellae and sheep

erythrocyte stroma were used as antigen (Biozzi et al.

1963 cj Barrie and Cooper, 1964).

In general, studies of the effects of HLL blockade

on the immune responses have required that the blocking

agent be injected within a period of about 2 to 3 days

before the injection of antigen or very soon after the

injection/
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injection of antigen. This finding is of importance

for it suggests that immunosuppression is related to

the depression of phagocytosis which is most pronounced

during the first two days or so after the injection of

alkyl esters#

Studies using intraperitoneal injections of

particulate colloids have been criticised by Schwartz

et al# (1970) on the grounds that RES blockade has not

always been demonstrated in these studies# while this

may be a valid criticism in those circumstances, the

RES blocking effect of intravenous injectio.-S of alkyl

esters and cholesterol oleate is not in doubt#

Studies of rosette forming cells in lymphoid

tissue in conditions of blockade have not hitherto been

undertaken. In the present studies, ethyl palmitate

pre-treatment induced substantial reductions in the

splenic RFC counts after immunisation with both doses

of sheep erythrocytes# These reductions were associated

initially with very low splenic cell counts# At day 3

the low counts were clearly the result of the splenic

necrosis, but by day 6 the splenic structure tended to

approach normal in ethyl palmitate-treated mice# Never¬

theless, the nucleated cell counts remained lower than

in controls throughout the whole period of the study#

The RFC counts per 1000 cells were lower than control

values in ethyl palmitate treated mice indicating that

the low RFC counts per spleen were not entirely the

result of the low cell counts#

The/
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The use of two doses of sheep erythrocytes showed

that the REG responses in ethyl palmitate-treated mice

were directly related to the dose of antigen injected.

This suggests that the different amounts of antigen

localised in the spleen are important. The amount of

antigen localised in the spleen after the injection of

the 10 per cent, preparation was maximal one hour after

the injection in control mice. The amount localised in

ethyl palmitate treated mice was substantially lower

than control values at one hour and gradually increased

to a value greater than the maximal control value by

the eighth day. When the smaller dose of antigen was

used, the maximal control value was one hour after the

injection, while the value in ethyl palmitate treated

mice approached the maximal control value by 24 hours.

These findings suggest that, the initial localisation

of antigen in the spleen may be important, but in view

of the observation that the localisation of antigen

continued to increase during the time that regeneration

of the spleen was talcing place, it is probable that the

situation may be more complex than can be explained

simply on the basis of reduced splenic cell counts and

the low initial localisation of antigen.

An apparently paradoxical finding in the present

studies was the REG response in the lymph nodes of

ethyl palmitate treated mice. The HEC response in

lymph nodes was augmented as a result of ethyl

palmitate treatment, but only when the larger dose of

antigen/
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antigen was injected# An Increased itPO count was

found on the third day; the counts reached a maximum

level on the 6th day and then declined to the back¬

ground level by the 15th day. The RFC responses in the

lymph nodes of the otter groups of mice were similar to

each other and only in occasional mice did the counts

exceed the spontaneous RFC count. The augmented

response in ethyl palmitate treated mice was associated

with a maximum localisation of only about 0#I per cant#
8

of the injected dose of I'J sheep erythrocytes. This

amount was larger than that loc alised in 1 le nodes of

other groups of mice, but it Is doubtful if much

signlfie ,nce can be attached to differences between

such low levels of antigen looalls"tion#

In the absence of substantially increased antigen

localisation in the lymph nodes of ethyl palpitate
treated mice, other factors have to be considered to

explain the increased RFC reS£>onse#

A plausible explanation for the increased lymph

node RFC response is available if the migratory

properties of lymphocytes, including RFC are taken into

consideration. Increase in the number of kFC in the

blood leucocytes was found by Biozzi et al. (1967)
O

when normal mice were immunised with 10 sheep erythro¬

cytes; they found no increase in the number of RFC in

lymph nodes and bone marrow# The migratory properties

of lymphocytes, however, are such that detectable

migration of RFC from the blood into lymph nodes might
occur if the circulating population of RFC was

sufficiently/
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sufficiently large, or if, for some reason, the

circulation of lymphocytes was rerouted to favour lymph

nodes.

Many long-lived, small lymphocytes continuously

recirculate from the blood, through lymph nodes and

central lymphatics back to the blood (Gowans and Knight,

1964; Gowans and McGregor, 1965)• Circulation of these

lymphocytes to and from the spleen also occurs (Ford,

I969» Ford and Gowans, 1967» 1969)* Removal of the

thymus, spleen and most of the lymph nodes and gut

reveals that many small lymphocytes are derived from the

bone marrow (Everett and Tyler, 1967)* substantial

direct evidence (reviewed by Osmond, 1972) indicates,

at least in the guinea-pig and rat, that the bone marrow

is a major continuous source of small lymphocytes, many

of which are short-lived, and that many of these cells

rapidly migrate to the lymph nodes and spleen. Much of

the long-lived population of lymphocytes is derived from

the thymus (Everett £t al. 1964; Raff and Owen, I97I)>
but some may be derived from the bone marrow (Osmond,

1972).

Most observations about the recirculation of

lymphocytes have been obtained using rats, but Sprent

(1973) in a study of the migratory properties of T and B

lymphocytes in the mouse showed that B cells rapidly

migrate to lymph nodes and the spleen. Only a small

proportion of B cells entered lymph nodes, unlike T cells,

but the amount was not negligible.

'The/



-388-

The importance of the circulating pool of lympho¬

cytes in immunological reactions was suggested by the

findings of Ford and Gowans (1967» 1969) and Bprent

et al. (I97I). Sprent et al. fouhd that thoracic duct

lymphocytes obtained from mice I to 2 days after

injection of sheep erythrocytes, then injected into

thymectomised, irradiated recipients were dificient in

adoptively transferring immunity to sheep erythrocytes,

but normal with respect to horse erythrocytes. Thoracic

duct cells collected at three days had a normal ability

to transfer reactivity to sheep erythrocytes while, at

5 days, the cells produced an enhanced response to

sheep erythrocytes and a depressed response to horse

erythrocytes in the recipients. Thoracic duct lympho¬

cytes obtained from G.B.A. mice 2 days after injection

of histo-incompatible (GBa. x G57BL)Fj spleen cells
produced splenomegaly in newborn (GBA x BaLB/c)!^ mice,
but not in (CBa x 057BL)Fj- recipients, when the
thoracic duct cells ?^ere obtained five days after the

injection of histo-incompatible, hybrid spleen cells,

they produced splenomegaly in (CBa x C57BL)F-j- recipients
significantly in excess of that in mice given lymphocytes

from saline injected donors. These results were inter¬

preted as indicating selective recruitment from the

circulation of specific, antigen sensitive cells that

occurred soon after antigen injection and was followed

afterwards by cell proliferation and then re-entry of

an increased proportion of these cells into the

circulating/
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circulating pool.

.Studies in the rat by Ford and Cowans (1967, 1969)

using an isolated perfused spleen system, indicated

that the antibody response to sheep erythrocytes was

proportional to the lymphocyte concentration of the

perfusate and not to tha content of lymphocyte initially

present in the spleen.

Because of the damage to the spleen caused by

ethyl palaitate, rerouting of the circulating, rosette-

forming lymphocytes is a plausible hypothesis. The

source of the postulated circulating RFC for the same

reason, is unlikely to have bean the spleen, but because
of the relatively large amount of antigen localised in

the bone marrow it i3 feasible that the source of RFC

in the blood could have been the bone marrow. These

postulated bone marrow RFC would perhaps migrate to

lymphoid tissues and thereby could contribute to the

splenic RFC counts as well as the lymph node RFC counts.

The fact that the increased lymph node RFC response was

found only after injection of the larger dose of sheep
7

erythrocytes indicates t&at R.5 x IOf erythrocytes were

insufficient to produce the required response in thj

bone marrow to be detected in lymph nodes. Reduced

splenic blood flow to the spleen and the relatively-

low initial localisation of antigen in the spleen are

possible factors affecting the entry of the postulated

bone marrow derived antigen binding cells into the

spleen, at least in the first few days after immunis¬

ation./
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imiaunisation. ihese circumstances do not occur in normal

mice injected with sheep erythrocytes, when the bulk of

the RFC response occurs in the spleen and migratory HFC

are presumably almost entirely derived from the spleen

(Biozzi et al. 1967)* The possibility that in ethyl

palmitate treated mice, many HFC might be derived from

the bone marrow and that, being B lymphocytes, they

would tend to migrate to the spleen in preference to the

lymph nodes (oprent, 1973) suggests that even when the

lower dose of antigen was used, an influx of bone marrow

derived BFC could account for at least some of the

splenic HFC response.

Otuart and Davidson (1964) demonstrated that the

humoral antibody response against 3heep erythrocytes

was depressed by pre-treataent with 30 mg. cholesterol

oleate, but not with lower doses. In the present studies

pre-treatment with 60 mg. cholesterol oleate resulted in

depression of the HFC, counts per spleen from day 6 to 13,

when the larger dose of antigen was used, compared with

the values in previously untreated mice. A more striking

feature, however, was the very low HFC counts per 1000

spleen cells, which were lower than those in the ethyl

palmitate treated mice, from day 3 to day 12. Because

of the much larger spleen cell counts, the HFC counts

per spleen were larger than those in the ethyl palmitate

treated mice, at all intervals.

when cholesterol oleate-treuted mice were injected

with the smaller dose of antigen, the mean RFC counts

per/
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per spleen were smaller than those in the previously

untreated mice# On the other hand, except on day 9i

the mean RFC counts per spleen were higher than the

corresponding counts in cholesterol oleate treated mice

given the larger dose of antigen. This was particularly

pronounced on day 3, when the mean RFC count was higher

than in any other group of mice given the smaller dose

of antigen.

The mean RFC counts per Iuuu cells in cholesterol

oleate treated mice were higher at all intervals after

the smaller dose of antigen than after the larger dose.

These counts were also higher than the corresponding

counts in ethyl palmitate treated mice, the reverse of

the situation when the larger dose of antigen was used.

An important consideration which has to be taken

into account when examining the effects of the lipids

on the RFC i*esponses is the extent to which the responses

may be related to the amounts of antigen localised in

the spleen. By plotting the amounts of antigen localised

in the spleen against the RFC responses per spleen and

per louO cells, it is not evident that a direct relation¬

ship between the RFC counts and the amounts of antigen

localised in the spleen exists. On the contrary, it is

apparent that each group of mice shows a different

relationship between the splenic localisation of antigen

and the relevant RFC counts. On the basis of thi3 inter¬

pretation of the data, it can be concluded that factors

other than the amount of antigen localised in the spleen

were also operative and that these factors probably

differed/
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differed in each, group of mice. Certain factors have

been mentioned regarding the HFC responses in ethyl

palmitate treated mice, including the effect of splenic

necrosis and the possible intervention of bone marrow

derived RFC.

As mentioned in the introduction, there is

considerable evidence from in vitro studies and to a

lesser extent from in vivo studies to suggest that

macrophages are a necessary requirement for an efficient

immune response against sheep erythrocytes. The

macrophage is considered to be implicated in immune

induction by virtue of its capacity to process antigen

or to bind immunogenic moieties on its surface. In

any event, the localisation of antigen in association

with macrophages is considered to be a means whereby

interaction between (E and B lymphocytes may be facili¬
tated. In the present s-tudie3, the macrophage defects

that were demonstrated as a result of cholesterol

oleate treatment were of a character that could perhaps

have altered the intracellular handling of large

particulate antigens and impaired the attachment of

particles to the macrophage surface, therefore, it

can be postulated that had there been such impairment

of macrophage function in the spleens of cholesterol

oleate treated mice, then an impaired immunogenic

stimulus would have resulted from contact between

antigen and these macrophages.

fhe depressed RFC responses in cholesterol oleate

treated/
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treated mice given both doses of antigen occurred in

the presence of splenic localisation of antigen in

amounts that were greater than in any other group of

mice, furthermore, the HFC responses tended to be

inversely related to the amount of antigen localised

in the spleen. In previously untreated mice, the kFC

counts on day 3 and day 6 also indicated a similar

tendency for the KFC counts early in the response to be

inversely related to the amount of antigen localised

in the spleen. This finding suggests that, as a

generalisation, smaller amounts of antigen may be more

efficiently or more rapidly rendered immunogenic than

larger amounts and it is possible that the efficiency

of this process is related to macrophage function.

The probable intervention of feedback: inhibition

of the immuneresponse, perhaps mediated by T lympho¬

cytes or by humoral antibodies (Schwart*, 1971 ♦

Bystryn et al. I97I» Allison, 1972) is a factor that

may be implicated in limiting the immunogenicity of

large doses of antigen, particularly those fractions

localised in the spleen after some delay, furthermore,

when the possible intervention of the postulated large

influx of monocytes into the spleen on tae second or

third day after the injection of cholesterol oleate

is taicen into account, then a complex situation is

apparent, despite the complexity of this experimental

situation, the present findings seem to be consistent

with the hypothesis that the immunosuppressive effect

of/
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of cholesterol oleate is the result of impaired function

of a population of splenic macrophages. In view of the

evidence indicating that macrophages are a necessary

requirement in immune induction, - it is reasonable to

postulate that cholesterol oleate can exert a direct

depressing effect on immune induction in the spleen,

but none of the finding relating to this lipid

constitute formal proof of this hypothesis.

An alternative hypothesis, however, has to be

considered. This derives from the large amounts of

antigen localised in 1;h spleens of cholesterol oleate

treated mice. It can be conjectured that this might

have had a tolerogeic effect. Moreover, depression of

phagocytic activity in the spleen perhaps could have

enhanced this tolerogenic effect by increasing the

probability of direct contact between immunocompetent

lymphocytes and antigen, without the intervention of

macrophages. This interpretation of the findings would

perhaps explain the apparently paradoxical dose-response

in the spleen. Souhami (1972) invoked tolerance to

explain the depression of immune responses in mice

treated with colloidal carbon, when large doses of sheep

erythrocytes were injected, and which were localised in

the spleen in unusually large amounts. He did not,

however, confirm the existence of specific tolerance by

re-challenging the mice with the same and dissimilar

antigens •

Specific tolerance to shesp erythrocytes in adult

mice/
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mice can be induced and ban been demonstrated by several

workers. Jershon and lvondo (197J) treated thymectonised,

lethally irradiated, bone marrow reconsti tuted mice with

a course of sheep erytnrocyte injections lasting thirty-

days and induced specific tolerance, mice pre-treated

with cyclophosphamide before injecting large single or

multiple doses of sheep erythrocytes were made specific¬

ally tolerant to tais antigen (JKLayfair, 1969; Miller

and mitehe11, 197J; ^rgyrls et al. I97k; *isenberg
and murray, 1973)* in this situation the drug treatment

is known to inauce damage to lymphocytes (Ford, personal

communication}, whereas th.ro is no conclusive evidence

to suggest that cholesterol oleate or colloidal carbon

damage lymphocytes, nevertheless, lipids have been

shown to enhance the tolerogenic effect of large doses

of antigen, lieill and jyde (1973) induced specific

tolerance against heat aggregated, human gamma globulin

in Bhiii/o mice by pre-troating the mice with a mixture

of ethyl s tearate and methyl palaltate. i'his treatment

can inuuee spIonic necrosis (1*0111, dole and dy&e,

I97k), no doubt affecting many lymphocytes.

It Is evident from the studios of jjrgyris at al.

(I97d) that the situation in cholesterol oleate treated

mice did not represent tolerance, for dl'XJ and

PPG are lacking in tolerant spleens. Furthermore,

the amount of antigen localised in the spleens of

cholesterol oieate treated mice was probably insufficient

to induce immune 'paralysis1. On the basis of the

histological/
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histological studies of Oerny and Viklicky (1969)> a

•paralysing' dose of antigen would be expected to result

in failure of gdrminal centre formation in splenic white

pulp follicles. In fact, germinal centre formation

occurred in all groups of mice at about the same time

(6 to 8 days). However, some condition analogous to

partial tolerance might have been induced in cholesterol

oleate treated mice and such a possibility would have

to be tested in any future studies of this type by

using a wider range of antigen doses and by re-challeng¬

ing the mice with the ^eme and dissimilar antigens.

In the present studies, pre-treatment of mice with

trioaprin enhanced the splenic HKI response when the

larger dose of antigen was injected, The only other

experiment that has demonstrated a somewhat similarly

enhanced RIG response was that of Biozzi et al. (1967)*

These workers showed that pre-treatment of mice with

0. parvum had a adjuvant effect on haemagglutinin
Q

pxeduction in mice injected with 10 sheep erythrocytes.

It also induced an increase in the KI?G counts per 1000

cells. The Ri'C counts per spleen showed a proportion¬

ately greater increase because of the splenomegaly

induced by the bacteria. The time of the peak of the

response was the same as in control mice (day 5)

differing from the findings in tricaprin treated mice,

to the extent that the peak of the RFG response in

these mice was on day 6 compared with day 9 in the

control mice. In tricaprin-treated mice, the Rl'G counts

per spleen and per 1000 cells were enhanced on days 3

and/
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and 6 after the injection of 10 sheep erythrocytes.

By the ninth day, the level had dropped below that in
7

control mice. Injection of 2.5 x 10' sheep erythrocytes

did not enhance the itFG response per spleen or per 1000

cells in tricaprin treated mice.

The amount of sheep erythrocytes in the spleen in

tricaprin treated mice after the larger dose of antigen

was larger than in control mice during the first 24 hours

after the injection. The larger early rise in the splenic

itFO counts in those mice could, therefox'e, have been due

to the larger initial antigenic stimulus. That this is

prooably not the whole explanation for the increased BFC

response is suggested by the effects of different doses

of antigen on the &FC responses on the 3rd and 6th days.

In the control mice, the mean JbGfC counts were larger at

these times after the smaller dose of antigen. In

contrast, tricaprin treated mice showed a substantially

larger response after the larger dose of antigen than

aftw? the smaller dose. Judging from the HFC counts per

luuo colls it is evident that the differences in the

responses between the tricaprin treated and control mice

was not simply the result of the different splenic cell

counts.

The reduced rates of clearance of sheep erythrocytes

found in some tricaprin treated mice suggested that this

agent had in fact induced slight itmS blockade. On the

other hand, the behaviour of tricaprin treated peritoneal

cells in vitro suggested that macrophages exposed to this

lipid in vivo might have bean functionally stimulated

and/



and that other factors such as reduced liver blood flow

might explain the reduced clearance rates# If this

inference is correct* then the capacity of tricaprin to

indue an augmented RFC response might have been related

not only to augmentation of antigen localisation in the

spleen* but also to the stimulation of certain activities

of splenic macrophages, more efficient •processing1 of

antigen and an enhanced capacity to bind immunogenic

moieties on the cell surfaces are the relevant possibilities.

x'h© enhanced RFC response in tricaprin treated nice

was associated with iication of larger amounts

of the ID per cent, suspension of erythrocytes in the

spleen than in the controls, especially during the first
24 hours after the antigen injection, on the other hand,

although injection of the smaller dose of antigen also

resulted in the localisation of larger amounts in the

spleens of tricaprin treated mice than in controls, this

was not apparent until 24 hours after the injection.

From the findings in the present studies, there is

no simple correlation between the amount of antigen

localised in the spleen .aid the subsequent RFC responses.

In some situations, but not in cholesterol oleate treated

mice, larger amounts of antigen in the spleen wore

associated with higher RFC counts at the peah of the

response. 2he early phase of the RFC responses, however,

showed some tendency to be inversely related to the

amount of antigen In the spleen In the control and

cholesterol oleate treated mice. It is possible that

the/
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th© character of the early phase of the immune response

may be influenced, by the efficiency of handling of

antigen by macrophages, especially that fraction local¬

ised in the spleen soon after its injection#

On the whole, studies by other workers have tendod

to show that immune responses are roughly related to the

amount of antigen localised in the spleen when the

antigen is injected intravenously or intraperitoneal3y.

A number of such studies have been concerned with the

effects of agents that modify kwb ph - cytic activity.
Triolein treatment 'V not enhance the haeaagglutialn

titrea after immunisation with she-p erythrocytes

(Stuart and pnvidson, 1964). Qn the other hand, Barrie

and Oooper (1964) found that triolein did enhance anti¬

body production after immunisation with sheep rod cell

stroma, wthyl steerate was found to have the same

effect on haemolysin production as triolein# 'treatment

with both these lipids was associated with the localis-

tion of more ^Or-labelled she ;p red cell stroma in the

spleen than in controls, one hour after intravenous

injection. The localisation after 24 hours was even

greater in the lipid treated mice# enhancement of the

splenic uptake of radio-labelled sheep red-cell stroma

was sho n by Pisher (1966) to be induced by pro-treatment

of mice with India ink, trypan blue, saccharated iron

oxide, ^horotrust and polystyrene latex. Pro-treatment

with several of these agents was associated with

increased haemolysin production. Borne experiments

suggest/
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suggest that only intact erythrocytes require the inter¬

vention of macrophages, in order to induce an efficient

immune response (Ohortman and Palmer, 1971; Peldman

and Palmer, I97I). This could perhaps explain why sheep

erythrocyte stroma injections were not associated with

depression of the immune response in conditions of Rda

blockade due to ethyl stearate and inert colloids. This

finding suggests that the role of macrophages in the

handling of particulate antigens may be to reduce the

antigenic determinants to a critical size in order to

be fully immunogenic.

enhancement of splenic uptake of sheep erythrocytes

was found in mice pre-treated with zymosan by Munson

et al. (1970 a) and by Sutler (1961). Sutler (I960)

had previously shown that zymosan enhanced the haemolysin

response against sheep erythrocytes, morrow and si Luzio

(1964) showed that glucan pre-treatment enhanced the

uptake of sheep erythrocytes by the spleen and the

effect that this stimulant had of increasing primary

and secondary haemolysin formation in mice injected

with heterologous erythrocytes was demonstrated by

wooles and Li Luzio (1963) and bi Luzio, itfooles and

morrow (1964).

Other examples of enhancement of the antibody

response against heterologous erythrocytes after pre-

treatment with agents that modify RSs activity have

been reported, but the localisation of antigen in the

spleen was not recorded. These include a variety of

agents/
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agents such as Thorotrast (Jenkins et al. 1965)»

endotoxin (Franz 1 and ucMaster, 1968), BOG (Halpern,

1959)» Menthanol insoluble fraction of killed tubercle

bacilli (Yashphe £t al. (1969) and 6-mercapto-purine
(winkelstein et al. I97I)*

In vivo experiments using intraperitoneal injections

of antigen are difficult to interpret in the absence of

data about the localisation of antigen in the lymphoid

tissues, jiiven when this is known, it is possible to

interpret the findings in different ways, as an example,

Perkins (1970) demonstrated that intraperitoneal injection

of heterologous erythrocytes and aggregated proteins

induced less antibody response than similar doses

injected intravenously. .depression of phagocytosis of

intraperitoneally injected erythrocytes by previously

injecting polystyrene latex particles, enhanced the

splenic PFC response, whereas stimulating phagocytosis,

by injecting gelatin or proteose peptone intraperitoneal^,

to induce a monocyte exudate, depressed the splenic JFG

responses. On the basis of these findings, he questioned

the hypothesis that macrophage •processing* of these

antigens was required for the initiation of the immune

response. But it Is possible to interpret his findings

differently because in his studies, the localisation of

-^Cr-labelled sheep erythrocytes in the spleen correlated

well with the splenic PFG response. It can, therefore,

be argued that the products of the interaction of

antigen with macrophages in the peritoneal sac are not

re levant/



relevant to the splenic imainne response# jpurtharmoret

the type of agent which was used to induce peritoneal

macrophage stimulation can induce a significant poly¬

morph leucocytic exudate as well as a monocytic exudate

(bewar, personal communication,)# Polymorph leucocytes

do not "process" antigen hut destroy its antigenicity

(Cohn, 1^63)* The numerous experiments of nabet and

his colleagues are also subject to the criticism that

carbon injacted intraperi toneally can induce a polymorph

leucocyte exudate ( Jewar, personal communication,)#

On the basis of the present and previous studies,

it la apparent that, altuough the amount of antigen

localised in tha spleen Is an import-nt determinant of

the inaune response, it provides an incomplete explan¬

ation for toe observed experimental results# additional

factors appear to operate, one of v,hich may be the

efficiency of handling of antigen by macrophages,

particularly that fraction localised soon after its

infection# Jther factors probably limit the immuno¬

genic! ty of antigen localised later# These may include

ww inhibitory effects of antibodies of Igl and iga

classes and inhibit!on of B lymphocytes by T lymphocytes#

In situations where iarg® amounts of antigen are

localised in the spleen, the possibility of a tolero¬

genic effect has to be considered, perhaps mediated by

large scale direct contact of antigen with lymphocytes

especially when 4Ufc* function is impaired# In evaluating
the iisiuune responses by studying the kinetics of the

kFO/



-403-

RFC in the 3pleent the intervention of bone marrow

derived RFC has to be considered in conditions of

severe RHd blockade, ouch RFC can contribute quite

substantially to the counts in other lymphoid tissues

than the spleen, exemplified in this study by the

enhanced lymph node RFC response in ethyl palmitate

induced blockade when the larger dose of antigen was

injected. It is possible that these RFC can also

populate the spleen. In conditions where splenomegaly

is induced, such as by treatment with cholesterol oleate,

a new population of macrophages may be implicated in

antigen handling, perhaps replacing the function of the

macrophages affected by the treatment.

From these considerations, it is clear tbat the

situations in lipid treated mice were more complex than

has been realised hitherto. Nevertheless, the present

findings in cholesterol oleate and tricaprin treated

mice are consistent with the hypothesis that modifications

of RiiiS phagocytic function can directly affect immune

induction when a particulate antigen (cJheep erythrocytes)

is U3ed. However, the possibility that some form of

tolerance might have been an important factor determining

the immunosuppressive effect of cholesterol oleate raises

a particularly complex issue. If it were to be shown

that specific tolerance is not a major factor in this

experimental situation, then the present.findings would

provide strong support for the concept that macrophages

play an important role in immune induction, meanwhile,

until/
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until the role of tolerance, in this experimental

situation, has "been elucidated, the findings in the

present and previous blockade experiments are subject

to more than one interpretation#
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* ^ij.ti.jtic-1 cui■ lyVij 19 of rosettes per spleen, in

mice trw ...too ith tlx.-. 10 per cent* sheep erythrocyte

auapexiwion, w *s o .mie;1 out by Sr. $• adsas, department

of aocia.1 ..©dicine, Jlnburj i University.

jfx-Oii the data supplied the results were analysed

as a t o factor experiment, i.e. treatments - 4 levels*

days - > love Is with unequal numbers of replicates. In

order to at-bills® the v riinca, the cube roots of the

data «ors an lysed .r: 1 the numbers of replicates were

e^unliaod.

The uialysia is sum- rinedf as follows*

Table a s'a. *ucts of the cube roots of the

EUiiaa Q par pi ;;n multiplied by the equalised numbers

ax' rep lie tea. The appropriate mean values and their

variances x inclu -•* in Table A and are summarised in

tan at tisticians "aursmary of the results" *

The analysis of variance is shown in 'fable 8. In

this ~ly.:,is, the test criterion Is ¥ » &j- / fit,-* where
2
is the larger men square. The distribution of ¥

nh©n th null hypothesis is true is such that at the

w»»5 per cent, level o" confidence, a value of *F=4.28

for the effect of the ureotsaents and ¥ m 3*72 for the

effect of the tine (days) would be expected. As shown

in Table 3, I va lues of 5 3*4 and 42.4 respectively were

obtained for these effects.

It was concluded from this analysis that*

I. JL1 the treatments differed si^iiicantiy in their

affaots./
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effects.

2. fhe tine effect was such that there was no signif¬

icant difference between days 6, 12 and 15#

♦ffote F values were obtained from fable 142 in

Onedecor, G.w. and Cochran, *tf«G. (1967) statistical

methods, 6th jiidition, 'fhe Iowa State University 2ress,

iuaes Iowa,

Treatment

"Summary of iesults"

Mean Value Standard atrror

'intigen only

Trlcaprin

dthyl Palaitate

Cholesterol Oleate

7.0239

8.1755

4.0917

6.0030

0.189

0.276

0.231

0.290

Day

5

6

Mean Value standard Grror

12

9

3»Sv>4x,

6.6510

6.1788

6.66jl0

6.5a s^f

O.255

0.255

0.255

O.255

0.255

Mtonuaru lurror ol differences 0.361
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TABLE A

TREATMENTS mean

DAYS antigenon[\r tricaprin pa?rnt(ate cholesterol
oeate totals variance

60-55 40-70 12-07 34-48 147-80 3-6048
J

15 7 10 9 41 0-0651
104-49 71-31 40-11 56-78 272-69 6-6510

o
15 7 10 9 41 0-0651
139-33 61-04 66-32 68-65 335-33 8-1788

y
15 7 10 9 41 0-0651

12
114-54 59-67 43-25 55-65 273-10 6-6610

15 7 10 9 41 0-0651

15
107-88 53-43 42-84 54-58 258-73 6-3104

15 "7
/ 10 9 41 0-0651

totals
526-79

75

286-14

35

204-58

50

270-14

45

1287-65

205

mean 7-0239 8-1755 4-0917 6-0030 6-2181
van
ance 0-035589 0-076263 0-053384 0-059316

The numbers at the bottom left of the squares
are the equalised numbers of replicates. The
numbers at the top of the squares are the
products of the cube roots of the mean HFC per
spleen multiplied by the equalised numbers a£
replicates.

TABLE B

ANALYSIS OF VARIANCE

Deg rees
Freedom

Sum of

Squares

Mean

Square F

Treatments 3 410- 136-67 50-4

Days 4 453- 113-25 42-4

"Treatments
X

Days
12 52- 4-33 1-62

Total 19 915-

179 2-67
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