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It is known that the differentiation of enzymes is
directly related to the development of function3, and this
is especially true with the oxidative enzymes in the
metanephros of the rat45.

3 F. Moog, Ann. N. Y. Acad. Sci. 55, 57 (1952).

4 E. R, Frsuir and J. GrRuHN, Proc. Soc. exp. Biol. Med. 707, 781
(1959).

5 J.S.Baxter and J. M. YOFFEY, J. Anat. 82, 189 (1948).
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Résumé. 1’iodoacétate retarde histologiquement et
histo-chimiquement le développement du métanéphros de
I’embryon de poule.

U. K. Hwang and N. A. CONNORS

Department of Anatomy,
Saint Louis University School of Medicine,
St. Lowis (Missourvi 63704, USA), 14 June 1972.

The Mass and Size of Normal and Activated Macrophages - Studies with a Scanning Interferometer

Physico-chemical stimulation of peritoneal macro-
phages results in the production of a morphologically dis-
tinct population of cells'-? which often displays greater
functional activity. Activated macrophages may, for
instance, exhibit enhanced bactericidal ability*. One mor-
phological characteristic of the new, activated population
is a greater mean size. This change in cell volume has ob-
vious effects on the relationship between the volume of the
macrophage and its membrane surface area. However, it
does not provide a complete explanation of the altered
volume-to-surface ratio shown by the cells of the activated
population 56,

The ultrastructural studies of NorTH and MACKANESS 7+ 8
led them to suggest that the cellular hypertrophy might
result from a ‘hydration’ of the macrophage cytoplasm
rather than from an increase in cytoplasmic mass. The
present investigation was designed in order to determine
whether the increase in macrophage size is accompanied
by an alteration in cellular dry mass. To our knowledge the
use of the scanning interferometer employed in this study
has not been described until now.

Population of normal peritoneal macrophages, together
with populations from rats challenged 5 or 8 days pre-
viously with a single i.p. injection of Freund’s Complete
Adjuvant (FCA), were harvested by a standardized pro-
cedure®. Cells were spotted on to slides to avoid the ex-
cessive flattening of cells which accompanies smearing?.
Fixation was in 109, neutral formalin. Air-dried prepara-
tions were scored with a series of lines (1-2 mm apart) to
provide reference areas, free of cells, in which the inter-
ferometric measurements could be made. Unstained pre-

parations were mounted in water and the cover-slips
sealed with paraffin wax.

Estimates of the dry mass of individual macrophages
were obtained using a prototype scanning interferometer
loaned to this Department by Vickers Instruments, Ltd.
The machine is now available commercially as the Vickers
M86 combined scanning interferometer and integrating
microdensitometer °. The instrument measures automati-
cally the integrated optical path difference (IOPD) of in-
dividual cells. This parameter is directly proportional to
cellular dry mass. Measurements were made using a 100 x
water-immersion objective (shearing distance of the opti-
cal system, 83 ym) on macrophages bordering the scored
areas of the preparations. This simple routine eliminates
errors due to ‘ghosting’.

Machine fluctuation over long periods was negligible.
The IOPD of macrophages in the scanning field were

1D, F. CarrELL, J. Path. Bact. 33, 429 (1930).

2 7. A, Coun, J. G. Hirsca and M. E. FEDORKO, J. exp. Med. 723,
747 (1966).

3 1. CARR, Z. Zellforsch. mikrosk. Anat. 89, 328 (1968).

4 R. V. BLANDEN, ]J. reticuloendothel. Soc. 5, 179 (1968).

5 T, M. Mavyrew and M. A. WirLiawms, J. Anat, 770, 154 (1971).

6 T. M. Mavaew and M. A. WiLLiams, J. Microsc., Oxford 94, 195
(1971).

? R. J.NortH and G. B. MAckANESs, Br. J. exp. Path. 44,601 (1963).

8 R. J. NortH and G. B. MackaNEgss, Br. J. exp. Path. 44, 608 {1963).

9 M. Bessis and A. oE BoisrLeEURY, Nouv. Revue fr. Hémat. 77, 377
(1971).

10 See Proc. R. microsc. Soc. 6, 280 (1971).
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Regression lines for 3 experimental populations of peritoneal macrophages showing the relationship between integrated optical path
difference (IOPD) and cell size (D3). Mean values ¥ and ¥ are shown. A) Regressions for normal and 5 day-stimulated cells. B) Regressions

for normal and 8 day-stimulated cells.
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measured, together with ‘background’ readings for adja-
cent, cell-free regions. Estimates of macrophage size (ma-
ximum diameter, D) were made on the same cells using a
PZO (Warsaw) vernier eyepiece (15 X ). Macrophages were
identified on the basis of relative cell size and interference
contrast. The latter facilitated the appreciation of nuclear
morphology and nucleocytoplasmic ratio.

From the raw data, graphs were plotted showing the
relationship between the two important descriptive para-
meters, IOPD (measured in machine units) and the cube of
the maximum diameter (i.e., D%) given in arbitraty units.
Regression lines for the 3 population samples were com-
puted by covariance analysisl, using IOPD as the de-
pendent variable. Differences between population re-
gression coefficients were tested for significance by a com-
parison of their variance ratios. Sample differences in ele-
vation were assessed by the same procedure. Standard
errors for the regression coefficients were tested for signi-
ficance using ‘t’values.

The statistical analyses were designed to ascertain
whether a) regression lines were parallel, b) the regressions
coincided, and c) there was a significant, positive relation-
ship between the dependent (IOPD) and independent (D3)
variables for the normal and stimulated experimental po-
pulations.

Regressions for normal and FCA-induced macrophage
populations are shown in the Figure. The regression co-
efficients (i.e. ,the slopes of the graphs) were found to be
0.045 (normal), 0.061 (5 days after FCA), and 0.044 (8 days
after FCA). There was no significant difference between
these values (P > 0.05), the population regression lines
being parallel. Thus, the increase of cellular dry mass for a
unit increase in D3 was the same for normal and stimulated
cells.

Adjusted means for the normal and 5 day-stimulated
groups were not significantly different (P > 0.05). The
regression lines for these populations (Figure A) were,
therefore, one and the same. However, the variance ra-
tios of the adjusted means for normal and 8-day-stimulat-
ed samples showed that the difference in sample elevations
was significant (P < 0.05). This difference is related to
differences in initial cellular dry mass: macrophages ob-
tained 8 days after injection had a higher IOPD than nor-
mal cells of the same size (Figure B). Differences between
5- and 8-day-samples were not significant (P > 0.05).
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Finally, standard errors for the 3 regression coefficients
pointed to a significant and positive relationship between
cell size and cell mass, and for all populations the relation-
ship was the same. Thus, the increase in size of activated
macrophages is not due to any ‘hydration’ or loss of cyto-
plasmic density.

The difference in sample elevation for normal and 8-day-
stimulated populations may be explained by ultrastruc-
tural changes of macrophage shape. FCA-induced peri-
toneal macrophages are rounder than normal® and dia-
meter estimates for these cells may be open to smaller er-
rors. The values for normal cells may be overestimates.
This explanation is supported by the observation that the
sample differences in elevation between the two FCA-in-
duced populations were not significant.

Experiments using Feulgen photometry and tritiated
thymidine labelling indicate that the increased mass of the
activated cells does not originate from preparations for
mitosis. Indeed, cells in G, and S phases of the mitotic
cycle are less frequent in stimulated preparations than in
normal ones?2.

Résumé. Les dimensions et la masse séche de macro-
phages normaux et activés ont été mesurées en utilisant
le «Vickers M 86 scanning interferometer and integrating
microdensimeter». Une analyse statistique a montré un
rapport positif entre les deux paramétres descriptifs, ce
qui infirme une suggestion précédente selon laquelle une
augmentation des dimensions d’un macrophage est ac-
compagnée d’une perte de densité cytoplasmique.

T. M. MavyHEW and M. A. WILLIAMS

Department of Human Biology and Anatomy,
The University, Western Bank,
Sheffield, S10 2T N (England), 5 July 1972.

i1 G, W. SNEDECOR, Statistical Methods (Iowa State University
Press, USA 1966).

12 We wish to thank Dr. D. GoLpsTEIN for advice on the use of the
instrument, Dr. E. J. CLEGG for help with statistical analyses, and
Professor R. BARER for his advice and criticism. Thanks are also
due to Vickers Instruments Ltd., and to S. R. C. (London) and the
Wellcome Trust for financial support.

Effect of Alkoxyglycerols on the Frequency of Injuries Following Radiation Therapy

Alkoxyglycerols occur in small quantities in many na-
tural products. In the haemopoietic organs of mamimals,
particularly the bone marrow, they are relatively abun-
dant. They also occur in relatively high concentrations in
human mother’s milk. They occur most abundantly in na-
ture in the liver oil of certain species of shark!-3. The ge-
neral formula for alkoxyglycerols is CH,OH - CHOH -
CH,O - R, where R is a longchain aliphatic radical.

The alkoxyglycerols have proved to be of medical in-
terest1:4-6. To some extent they prevent leucopenia and
thrombocytopenia. The administration of alkoxyglycerols
to patients with cancer of the uterine cervix results in
higher survival rates than if radiation treatment alone is
givenl:4 Furthermore the alkoxy-glycerols promote the
growth of Lactobacillus lactis' and the formation of anti-
bodies*: 6.

In order to throw light on the effect of alkoxyglycerols
on the frequency of injuries following radiation therapy,
we have studied 3 groups of patients with cancer of the
uterine cervix (Table), one group which received alkoxy-

6

glycerols the week before (prophylactically), during, and
3 months after radiation treatment® a second one where
administration of alkoxyglycerols occurred only during and
3 months after radiation treatment® and a third one, the
control group, which received radiation treatment but no
alkoxyglycerolsdID. The groups I and II are from 1.1.
1964—15.2.1966, during which period 999, of the patients
with cancer of the uterine cervix received alkoxyglycerols
in connection with radiation treatment. The groups I and
IT are compared with the control group (III) composed of

1 A. BrouuLT, Acta radiol. Suppl. 223 (1963).

2 B. HALLGREN and S. J. Larsson, Lipid Res. 3, 31 (1962).

3 B. HALLGREN and S. J. Larsson, Lipid Res. 3, 39 (1962).

4 A. BROHULT, J. BroHULT and S. BroHUuLT, Acta chem. scand. 24,
730 (1970).

5 A. Brouurr, J. Brouurr and S. Brouurt, Experientia 28, 146
(1972).

8 A. BrouuLT, J. Brouurr and S. BronuLt, Experientia, 28, 954
(1972).



