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Determination by Radioactive Iron (59 Fe) of the Amount
of Blood Ingested by Insects *

by Jost RABELO DE FREITAS and ARNo DA SILVEIRA GUEDES,
Research Centre, National Institute for Rural Endemic Diseases;
Faculty of Philosophy, Uniyersity of Minas Gerais, Belo Horizonte, Minas Gerais, Brazil

Many investigators have used radioiron to label
blood, mainly for studies on anaemia, malaria
infection, longevity of erythrocytes and loss of blood
by hookworm infestation. Khudadov a used various
radioisotopes to label flies and roaches, including
"9Fe, which was not efficient in his process. Many
radioisotopes have been used for labelling arthro-
pods, but in trying to determine the amount of
blood ingested by insects, 59Fe seems to be the
most suitable.
Some authors believe that the volume of the

blood-meal plays an important role in the study
of the epidemiology of certain diseases transmitted
by arthropods. Several papers have related the
amount of blood ingested by insects to the number
of eggs laid, to the insects' susceptibility to Plas-
modium, or to other genetic, ecological and physio-
logical characteristics.b,

Hovanitz d observed that the number of eggs laid
by a mosquito is in direct relation to the amount
of blood ingested and absorbed. Relating the
amount of blood ingested by a mosquito to the
number of cysts it develops, he assumed that
" there is a slight increase in cysts per mosquito
in the direction of those which have engorged the
most ". Trager e commented on the minimum
amount of blood that was necessary for the develop-
ment of each group of eggs in the mosquito and
cites some references on the subject.

* Note submitted to the XIIth Annual Meeting of the
Brazilian Society for the Advancement of Science, July 1960,
Piracicaba, Sao Paulo, Brazil. The work reported was done
in co-operation with the Radiochemical Laboratory of the
Radioactivity Research Institute, School of Engineering,
University of Minas Gerais. (See also the note by
Freitas & Campos on page 274 of this issue.)
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Assuming that anophelines do not produce eggs
unless they have a blood-meal, Woke, Ally &
Rosemberg f related the number of eggs developed
to the quantity of human blood ingested. Woke had
determined earlier g the amount of blood ingested
by Aides aegypti fed on seven species of vertebrates.
Rachou et al.h determined the volume of blood

ingested by Culex pipiens fatigans and commented
on the importance of measurements for epidemio-
logical studies, since this species is the main vector
of filariasis in Brazil.
The determination of the volume of blood taken

by an insect during feeding should be simple and
accurate. The widely used weighing method consists
in the determination of the weight of the mosquitos
before and after the blood-meal. For this purpose
it is necessary to anaesthetize every mosquito before
each weighing. The method of haemoglobin deter-
mination seems to be more laborious and less
accurate than the former.
The importance of these determinations and the

recognition of their inherent difficulties led the
present authors to work out a new method using
radioisotopes. Employing the classical method of
isotopic dilution to measure the volume of a liquid,
the authors developed a method to determine the
amount of blood ingested by haematophagous
insects.

It is known that when an iron compound con-
taining 59Fe is injected into a vertebrate, a portion
of the isotope disappears from the circulation
within a few hours, being retained by the haemato-
poietic system, where it is utilized for the synthesis
of the haemoglobin. The labelled haemoglobin will
remain for several months in the blood of the
vertebrate, due allowance being made for the half-
life of this isotope, which is 45 days.

f Woke, P. A., Ally, M. S. & Rosemberg, C. R., jr
(1956) Ann. ent. Soc. Amer., 49, 435.

g Woke, P. A. (1937) Amer. J. trop. Med., 17, 729.
h Rachou, R. G., Lima, M. M., Memoria, J. M. P.,

Ferreira Neto, J. A. & Azambuja, C. E. A. (1957) Rev.
bras. Malar., 9, 505.
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272 NOTES

DETERMINATION OF THE AMOUNT OF BLOOD INGESTED BY SOME INSECTS: COMPARISON OF THE 59Fe TECHNIQUE
WITH THE GRAVIMETRIC METHOD

Isotopic dilution meti
Number Mean counts per minute in:
insects 1 mm3 of blood

one insect (standard)
I-

hod (59Fe) Gravimetric method

Weight (mg) Blood
Blood ingested

(mm3) unfed fed (mg)

.2Mn aL 13f% OAoan anfs .3r)n

Triatoma infestans:

adults

5th-instar nymphs

Panstrongylus megistus:

lst-instar nymphs

Culex pipiens fatigans

20

24

100

32

28 130

35 590

420

443

81

81

94

42

FREQUENCY DISTRIBUTION OF THE BLOOD VOLUME
IN SOME INSECTS AFTER FEEDING, AS DETERMINED BY 59Fe

Species

44o T U

440 + 180

4± 2

10± 3

110

1.5

2.2

550
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440
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3.3
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Methods

The authors injected 44.5 ,uc of sterile iron citrate
(1.5 ml in aqueous solution) into the bloodstream
of a chicken 4 months of age. Three days after
the injection, the erythrocytes were already labelled
by the incorporation of 59Fe into the haemoglobin,
and the feeding experiments started. The activity of
20 mm3 of blood, taken by means of a haemometric
pipette, was determined every time just before the
insects' blood-meal.
The measurements of radioactivity were made

by means of a well scintillation counter. The
counting time was from 1 to 3 minutes according
to the activity of the sample. The triatomids gave
about 2.8-3.5 x 104 counts/minute and the mos-
quitos about 440 counts/minute. The ratio of the
activity of the 59Fe in the insect after feeding to
that of 1 mm3 of blood shows the amount of blood
ingested.
Having fasted for several weeks, the triatomids

were fed for about 1 hour on the labelled chicken,
whose feathers had been removed from part of its
body. The Culex were fed by leaving the chicken
in the holding-cage of the mosquitos over night.

In order to compare the results obtained by this
new method with those of weighing, all insects were
weighed in groups on an analytical balance before
and after their blood-meal.

Results

Some preliminary measurements were as follows:
Mean volume taken (mm")

Species and vital phase No. of Gravimetric Isotopic
insects method method

Triatoma infestans, adults 20 320 350±130
T. infestans, 5th-instar nymphs 24 440 440± 180
Panstrongylus megistus, 1st-instar

nymphs 100 4.5 4± 2
Culex pipiens fatigans 32 3.3 10± 3

The figures obtained (see table and graph) by
the isotopic dilution method in triatomids agree
with those obtained by the gravimetric technique,
when this was done immediately after feeding. A
portion (43%) of the liquid ingested by the first-
instar nymphs was eliminated (free from 'bFe)
a few hours after the blood-meal. It is known,
however, that arthropods lose from 50% to 75%
of liquid in a few hours after feeding.'

i Buck, J. B. (1953) The internal environment in regulation
and metamorphosis. In: Roeder, K. D., ed., Insect physio-
logy, New York, Wiley, p. 191.

The mean amount of blood taken by Culex in
a blood-meal was found to be 3.3 mg by the gravi-
metric method (3.2 mg by Rachou et al.j), and
10.2 mm3 by the new method, which means that
this species eliminates in less than 12 hours about
70% of the liquid taken during feeding. Freitas,
Mayrink & Mansur Neto k reported a similar great
loss in Phlebotomus longipalpis, which had taken
0.60+0.14 mm3 of blood.

Comments

Advantages of the 59Fe isotope technique are:

(1) in the vertebrate:
(a) the isotope has a conveniently long half-life;
(b) the iron has a high degree of conversion to

labelled haemoglobin;
(c) the isotope remains for several months in the

blood of the labelled animal.
(2) in the insect:
(a) the isotope emits high-energy gamma rays,

which are easily detected.
(b) the isotope administered by this method can

be traced through the organism of the insect
and may be helpful in the study of iron
metabolism in several phases of its life-cycle.

(c) With sufficiently high isotope activity the
insects may be heavily labelled, and this may
enable us to find them in their natural
hiding-places-for instance, in the cracks of
the walls or in thatched roofs-during one
or two weeks after their blood-meal.

(d) The method permits a determination of the
volume of blood liquid lost by mosquitos
during feeding.

* *

We should like to express our thanks to Dr E.
Paulini, Chief of the Chemical Laboratory, National
Institute for Rural Endemic Diseases, for his advice,
constructive criticism and many helpful suggestions.
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