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Table I shows that ingestion of the azo carcinogen led at
first to a decline in the serum PPD oxidase levels of the
experimental rats. The difference between the mean levels
of PPD oxidase activity for experimental and control
groups, already pronounced at 21 days, was very marked
at 62 days from the start of the feeding experiment.
Thereafter, in spite of continued ingestion of the azo dye,
serum PPD oxidase levels of the experimental group
began to rise and by 154 days there was no significant
difference between the mean levels of this enzyme in the
experimental and control groups.

‘When large liver tumours were present in the azo-fed
rats, serum PPD oxidase levels remained high {0-4-0-6) so
there is no question of permanent suppression or deletion
of the enzyme during hepatocarcinogenesis. MILLER and
MiLLER?® found that the ability of rats to bind azo dye to
their liver proteins began to decline after the rats had
been fed for about 2 weeks on a diet containing 3'-
MeDMAAB. Arcos and Arcos*t observed that the swelling
ability of liver microsomes decreased to a minimum at
4 weeks with the feeding of 3’-MeDMAABRB and again in-
creased until normal levels of swelling were attained after
20 to 24 weeks of dye feeding. A diet containing the non-
carcinogen 2-methyl-4-dimethylaminoazobenzene failed
to influence the swelling of rat liver microsomes after
4 weeks. Rov, Miva, and CArRRrS® found that the total non-
protein sulphydryl content of the livers of rats fed 4-di-
methylaminoazobenzene reached a minimum value after
12 weeks on the diet. After 20-24 weeks, however, the
sulphydryl content had returned to normal levels. In the
present cxperiment we have indications that yet another
early effect of the azo carcinogen appears to be overcome
as dye-feeding is continued.

Although single intraperitoneal injections of 3’-
MeDMAARB as well as of other hepatocarcinogens may
produce a temporary increase in serum XD, no significant
difference between the mean XD levels of experimental
and control groups was found after 21, 62, 120, and 154
days of dye-feeding. It was found however that XD
levels of azo-fed rats began to decline within a few weeks
after the end of azo dye-feeding. This trend is shown in
Table II which also records XD values for control
animals, Serum XD levels began to decrease during liver
tumour growth and we have noted in another series of
rats which had been on a diet of 4-dimethylaminoazo-
benzene that low serum XD values may be encountered
even before liver tumours are palpable. It is of interest
that the growth of a transplantable sarcoma Rd/3 in the
same rat strain leads to a marked depression in serum XD
activity.

Finally, reference is made to the anemic condition of
rats fed 3-MeDMAAB. After 120 days on the diet,
hemoglobin levels (as measured by the method of Vax-
DENBELT ef al.? and expressed as an optical density dif-
ference at 630 my) ranged from 0-229 to 0-254 (4 rats) with
a mean value of 0-242. The normal group (5 rats) had
values in the range 0-276-0-283 with mean = 0-279,
Application of the t test gave t =68 (> 0-1% level)
showing that the difference between the means is highly
significant. The azo-fed rat excluded from our analyses
had a hemoglobin level of 0-195. Essentially the same
results were obtained after 154 days on the diet.

The azo carcinogen has a weak methemoglobinogenic
action when given orally to rats (a mean value of 1-7%, as

# E,C.Mrirer and J. A. MiLer, Cancer Res. 12, 547 (1952).

4 1. C, Arcos and M. Ancos. Biochim. biophys. Acta 28, ¢ (1958).

5 P.-G. Rov, T. S. Miva, and C. J. Carg, Proc. Soc. exp. Biol.
Med. 97, 284 (1958).
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compared with 0-29 for the control group at 120 days
from the start of dye-feeding) which confirms our previous
finding® of this condition following single intraperitoneal
injections of 3'-MeDMAARB into rats.

It is noteworthy that all the azo-fed rats developed liver
tumours which proved to be cholangiocarcinomata.
Attempts to transplant several of these tumours met with
no success.

I should like to thank Dr. F. N. Grapiarry for
examining histological sections of the tumours, and I am
indebted to the University of Sheffield for the James
Morrison Fellowship in cancer research.

W. J. P. NeisH

Cancer Reseavch Unit, The University, Sheffield, May 5,
71959.

Zusammenfassung

Werden Ratten mit dem carcinogenen 3’-Methyl-4-di-
methylaminoazobenzol gefiittert, so nimmt die Konzen-
tration der p-Phenylendiaminoxidase im Serum anfangs
rasch ab, um am Ende der Fiitterungsperiode langsam
wieder auf den Normalwert anzusteigen.

Eine Verminderung der Xanthindehydrogenase des
Serums war nur zu Beginn des Wachstums von Leber-
tumoren zu beobachten. Mit Azofarbstoffen gefiitterte
Ratten wurden andmisch.

¢ W. J. P. Neisu, Nature 178, 1350 {1956).

Antibodies in the Course of Resorption
of the Ehrlich Cancer Heterotransplant in Rats

Mice tumours heterotransplanted to newborn white
rats!:? or to white rat embryos®* at first grow at a high
rate and attain a large size, while in more than two-weck
old rats they degenerate and are completely resorbed.
Resorption of the tumour heterotransplants under these
conditions is indicative of lack of acquired tolerance?,
although tolerance to skin homotransplants can be elabo-
rated in less than 2-week old rats®®, The mechanism of
transplant resorption in 2-week old rats is still obscure.

In the present study, we have followed up the dynamics
of antibodies against tumour tissue in sera of rats with
resorbing Ehrlich cancer transplant. For this purpose, the
agglutination reaction of tumour cells was tested as well as
cytotoxic action of sera upon tumour cells in a test tube
and in vivo-itn vitro neutralization.

Methods. The Ehrlich ascitis adenocarcinoma was sub-
cultured to non-inbred strains of white mice. The ascitis
fluid was procured from the mice on the 7—12th day after
inoculation. The cells were thrice washed with Ringer and
0-25ml of the suspension of tumour cells containing
160 million cells per 1 ml were injected under the skin of
the back of 1—2-day old white rats.

A total of 112 young rats of 12 litters have been inocu-
lated, while 46 normal young rats of 5 litters were used as

1 1. Georatu, J. Path. Bact. 29, 171 (1926).

2 I. ParTi and A. Moorg, Cancer Res. 10, 674 (1950).

3 H. KoprowskI, Proc. R. Soc. {B] 146, 37 (1956).

% G. J. Sver-Morpavsky, Problems of Oncology {Voprosi onco-
logii) fin Russian) 4, 552 (1958).

5 M. WooDRUFF, Ann. N.Y. Acad. Sci. 64, 5 (1957).

8 R. BirrincHawm and L. BrexT, Proc. [R]. Soc. B. 146, 78 {1958},
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Table T

Agglutination of tumour cells by sera of normal rats and of 1-2-day
old rats inoculated with Ehrlich tumour
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[ExPERIENTIA VoL. XV/9]

Table I1

The cytotoxic effect upon tumour cells of serum of normal rats and
of those inoculated with Ehrlich tumour

control. The rats were sacrified 1, 2, and 3 weeks after in-
oculation, upon a twofold decrease in size of the tumour
upon its complete resorption and 1 and 4 weeks after its
complete disappearance.

For retransplantation to mice, the tumour growing on
young rats was fragmented with scissors, suspended in
physiological saline and injected intra peritoneum to
5 mice, 0-2 g tumour tissue to each.

The agglutination of the tumour cells was assayed by
the slightly modified HorN7? method. To a series of 0-2 or
0-4 ml twice diluted serum 0-2 or 0-4 ml suspension of
washed tumour cells were added, containing 1 million cells
per ml, the mixture was agitated and incubated fora 1 h
at room temperature and 18-24 h at + 4°. Agglutination
was determined ad oculo: 4+ -4 was estimated as distinct
agglutination at a transparent background. In order to
assay the cytotoxic effect in vitro®?® to 50 million washed
Ehrlich tumour cells were added 0-5 ml of the serum to be
tested preliminary kept for 30 min at 56° and 0-5 m! of
fresh guinea pig serum (complement) taken on the pre-
ceding day. The mixture was agitated and incubated at
37°C. 1, 2, and 4 h thereafter samples of the incubated
mixture were stained with eosin diluted 1:1000 in a
Thyrode solution, 4 ml eosin being added to 0-05 ml
suspension of tumour cells. The percentage of stained cells
was then estimated under the microscope. To check in vivo
the in vitro cytotoxic ‘neutralizing’ effect of the sera, the
above mixture of cells, serum and complement incubated
for 4 h was administered intraperitoneally to 5 mice,
0:2 ml to each.

Results. On the 5-6t" day after inoculation, a tumour
was palpated in rats 1x2cm in size. It attained the
maximal size, viz. 4 X 2 X 2cm 11-13 days after inoculation,
decreasing in size 1-2 days thereafter and completely dis-
appearing 16-31 days after inoculation.

The maximal increase in size and growth stoppage were
approximately simultaneous in all rats of every litter.

E. Horn, Cancer Res. 16, 595 (1956).
R. Scureck and E. PreEsTON, Cancer Res. 17, 102 (1957).

?
8
% G. Hoskixs et al., Exp. Cell Res. 6, 11, 207 (1956).

; » Aggluti- % of eosin stained cells
Age of rats .Tlmclaf.tcr Stage of tumour growth fN o .| nation Age of rats Stage of tumour growth f b after | 2 h after
inoculation of rats titer incubation | incubation
1 week 7 days Intense growth . . . 13 0 o o
2 weeks (14 days Cessation of growth . 14 a 1 week Intensg growth 30A’ 404
R N R . 2 weeks Cessation of growth. 819, 90%,
3 weeks |21 days Beginning of resorption 7 |1: 80 AR . g K
1 weeks  126-27 davs| Resornti £ half of 3 weeks Beginning of resorption . 959, 1009,
we B Y esorption o . 4 weeks Resorption of one half of
tumour . . . . . 11 1:320 o
: tumour . RN 989%, 100%,
4-5 weeks |25-31 days| Complete resorption = -
. 4-5 weeks | Resorption of the whole
of tumour . . . . 11 1:320 o o
4-5 weeks j28-35days] 1 week after tumour ., tumour . L 90% 92%
. th tion 9 1:160 4-5 weeks | 1 week after resorption . 989%, 100%
reserption .. - - 1 :640 7 weeks 4 weeks after resorption 90% 909%
7 weeks  [44-51days| 4 weeks after tumour + wecks Retsorptxon Qihonf half
resorption . . . . 10 | 1: 80 umour (without com-
: 1:320 plement) 209, 189,
’ 1-3 weeks | Normal rats . 3-49, 8-129},
. 4 weeks Normal rats . 109, 109%
1 week - Normalrats . . . . 13 0 a7 o
2 weeks - Normalrats . . . . 18 0 Adults Normal rats . 10% 10%
3 weeks - Normalrats . . . . 8 0
4 weeks
and adult - Normalrats . . . . 10 0
Tumour resorption proceeded at a different rate in rats

of the same litter.

The results obtained in the agglutination reaction of
tumour cells by rat scra are summarized in Table I.

The agglutinins appear in the rat serum on the 374 week
after inoculation at a titer of 1:80; 2 weeks after inocu-
lation these antibodies are not yet apparent. In the half
tumour resorption group, and in that of complete tumour
resorption, the agglutinin titer is 1:320, in that of 1 week
after complete tumour resorption 1:160 and 1:640,
1 month after complete resorption 1:80 and 1:320. In
most of the sera, the zone phenomenon is apparent: no
agglutination by the whole serum and in dilution 1:5 is to
be noted.

Sera of young rats with resorbing tumour did not
agglutinate mice erythrocytes.

The results of in vitro determination of the cytotoxic
effcet are summarized in Table II. 1-2 h incubation with
the serum of rats 2-3 weeks after inoculation and of those
with resorbing tumour called forth a distinct cytotoxic
effect and increased the percentage of eosin staining cells
to 81-1009%,. Control sera, viz. those of non-inoculated
rats of the same age, as well as sera of adult rats and
heated experimental sera without complement, did not
exhibit any such effect. After a 4-h exposure, no difference
between the control and experimental sera could be noted
as part of the controls caused an increase in the percentage
of stained cells up to 70-909%,.

The survival time of mice inoculated with tumour cells
incubated with the complement and serum of rats with
completely resorbing tumour (a total of 35 mice) averaged
22-7 -+ 1-61 days; whereas the survival time of 17 mice
inoculated with tumour cells mixed with serum of control
rats and complement was 12:7 4 0-27 days. This difference
is statistically significant.

Re-transplantation to mice showed that even the rem-
nants of resorbed tumour can be effectively transplanted
to mice.

It will appear from the above evidence that even 2-
week old rats can produce antibodies. Sufficient amounts
of in vitro detectable antibodies appear during the period
when no symptoms of decrease in size of the tumours are
yet apparent, viz. on the 274 week of postnatal life. The
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agglutinins appear in the serum at a later date, viz. 3
weeks after inoculation when resorption of the tumour is
in full sway. Cytotoxins and agglutinins are possibly dif-
ferent antibodies.

The question remains open as to the role of these anti-
bodies in the resorption of the heterotransplant. Re-
transplantation of the tumour cells from rats to mice
shows that at least.part of the tumour cells remain viable
in the organism which contains cytotoxins.

Resorption of the mice tumour and appearance of cyto-
toxins ensues in 2-week old rats while tolerance to homo-
transplantation of skin is still demonstrable (BILLINGHAM
and BrRENT®, WOODRUFF),

The capacity of 2- and 3-week old rats to produce anti-
bodies against heterologous tumours throws doubt upon
the widely accepted opinion of ‘immunoclogical imma-
turity’ of rats of this age.

It is interesting to compare our data and work of
Hoiripay®, who has vaccinated 10-11-day old rats with
S. Pullorum and observed antibody production.

G. J. SveEr-MoLpavsky and O. S. FRANKFURT

The L. A. Tarasevich State Control Institute of Vaccines
and Sera, Moscow, [anuary 27, 1959.

Résumé

Chez les rats jeunes auxquels on a inoculé le cancer
ascitique d’Ehrlich 12 jours aprés la naissance, la tumeur
atteint une grande dimension et disparait au bout de
14-31 jours. Chez des rats de 14 jours, le sérum a une
action cytotoxique sur les cellules du cancer d’Ehrlich ct
agglutine celles-ci 4 partir du 21°¢ jour.

10 R, Horuipay, Proc. R. Soc. [B] 247, 140 (1957).

Rapid Removal of Phosphorus
from Sewage by Activated Sludge

In a study of the growth of plants in the activated
sludge tank by setting up what may be termed ‘hanging
gardens’, it was interesting to observe the behaviour of the
rice plant which showed an extraordinary vegetative
growth, attaining an unusual height and putting forth
more than fifty tillers but showing poor formation of
grainl, The rice plant appeared to suffer from deficiency
of certain nutrients, notably phosphorus, while it had an
excessive or abundant supply of nitrogen. Under the con-
ditions of the experiment, the plants floated on the liquid
in the last aeration chamber of the activated sludge tank
(the plants being in a suitable box equipped to float, con-
taining a bed of resistant cellulosic material such as coir
fibre and straw bits) and derived their nutrition from the
liquid. The sewage entering the purification tank con-
tained a considerable amount of water-soluble phosphorus,
but, as it arrived at the last aeration chamber of the tank
after about 4 h of detention with activated sludge, the
soluble phosphorus was apparently little or inadequate.
It was therefore of interest to study the rate of removal of
phosphorus, particularly water-soluble phosphorus, during
the purification process. As there is practically no infor-

1 5, C. Prirar, Curr, 8ci. 10, 85 (1941); Report on Hanging
Gardens to Dr. G. J. Fowler, Techuical Representative of Messrs,
Activated Sludge Ltd., London, for India and the East (1941).
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mation on these points in the literature on the subject?,
the evidence we have collected is briefly described in this
commuunication.
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Experiments were carried out by adding varying
amounts of activated sludge to samples of detritus-free
raw sewage (containing generally 10 to 14 p.p.m. of total
phospharus and 6 to 9 p.p.m. of water-soluble phosphorus
as determined by the method described by Fiskk and
SusBarRoW ? and modified by King#4; for the determination
of water-soluble phosphorus the samples were filtered
through filter paper No. 44) and by blowing air through
these mixtures (in suitable conical flasks) for varying
periods, generally up to 6 h, and by examining the super-
natant liquids for their water-soluble and total phosphorus
contents, as also for the degree of purification, by
customary methods. At the same time, the effect of
aeration of samples of sewage only (without the sludge) on
their phosphorus contents was also studied.

In one series of experiments, the sewage samples were
aerated with 25% sludge for varying periods, from 15 min
to 6 h, and the supernatant liquids {collected after stop-
ping the aeration at stated intervals and allowing the con-
tents of the flasks to settle down) were analysed for their
phosphorus contents and for the extent of purification as
indicated by the 3-min oxygen absorption test (permanga-
nate value) and turbidity. These obscervations are given in
the Figure. In a similar series of experiments, the concen-
tration of sludge was varied while the period of acration
was the same (Table).

2 S, H. Jenkins and W. T. LockeTT, Nature 151, 306 (1943).—
C. N. SAwvER, Sewage Wks. J. 16, 925 {1914); J. N. E, Water Works
Ass. 61, 925 (1944). — W. Ruporrs, Sewage Wks. J. 19, 483 (1847).—
F. ZEHENDER, Proc. intern. Ass. theor. appl. Limnol. 10, 597 (1948};
Water Poll. Abstr. 24, 305 (1951). — E. H. Brrcurr, J. Proc. Inst.
Sew. Purif. 1941, 348.—C. N. SAwYER, Sewage industr. Wastes 24,
768 (1952).— R. OweN, Sewage industr. Wastes 24, 548 (1953).—
K. WuurmanN, Sewage industr, Wastes 26, 1 (1954),—T. BTOKES,
T. Prog. Inst. Sew. Purif. 1956, 404.—N. Harkness and S. H. JEx-
KiNs, J. Proc. Inst, Sew. Purif. 1958, 85,

3 C. H. Fisxe and Y, SusBarow, J. biol. Chem, 66, 375 (1925).

4 E. J. King, Biochem. J. 26, 292 (1932),



