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ABSTRACT
Purpose: To develop a method of differential diagnosis to drowning, due to analysis of the alveolar macrophages quantitative,
in rats submitted to induced drowning in fresh water and salty water. Methods: Were used 15 male adult rats Wistar EPM1, weight 360g (SD=21,3), randomized in three groups: G1- Control; G2- Fresh water; G3- Salty water, each one with n=5.
The animals have been anesthetized and tracheostomized to insert a cannula inside the trachea, for drowning induction.
The lungs have been removed, weighed, prepared for histology and colored by immunohistochemistry. The macrophages
have been counted in both lungs (right and left) of each animal. The statistical test used was ANOVA (SPSS.10) with
p<0,05. Results: The amount of macrophages was G3>G2>G1 with p=0,0001 in each comparison. The weight of lungs of
G3 and G2 was higher than G1, with p>0,0001, however G3 and G2 do not possess difference statistics in the weight of
lungs. Conclusion: The developed diagnostic method was efficient in rats. The results, if expanded, will be able to assist
the Forensic Pathology for technique of low cost and high trustworthiness.
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RESUMO
Objetivo: Desenvolver um método de diagnóstico diferencial de afogamento, pela análise quantitativa dos macrófagos
alveolares, em ratos submetidos à afogamento induzido em água doce e água salgada. Métodos: Foram utilizados 15 ratos
adultos, machos Wistar EPM-1, pesando 360g (DP=21,3), randomizados em três grupos: G1 – controle; G2 – Água doce; G3
– Água salgada, cada um com n=5. Os animais foram anestesiados e traqueostomizados para inserção de uma cânula
endotraqueal, para indução do afogamento. Os pulmões foram removidos, pesados, preparados para histologia e corados
por imunohistoquímica. Os macrófagos foram contados em ambos os pulmões (direito e esquerdo) de cada animal. O teste
estatístico utilizado foi o ANOVA (SPSS.10) com p<0,05. Resultados: A quantidade de macrófagos foi G3>G2>G1 com
p=0,0001, entretanto, G3 e G2 não possuem diferença estatística no peso dos pulmões. Conclusão: O método diagnóstico
desenvolvido foi eficiente em ratos. Os resultados, se expandidos, serão capazes de auxiliar a Patologia Forense por uma
técnica de baixo custo e alta confiabilidade.
Descritores: Afogamento. Macrófagos Alveolares. Diagnóstico Diferencial. Ratos.

Introduction
The diagnosis of drowning as the cause of death can
be very difficult and problematic in individual cases,
especially when typical morphological signs of drowning
are not present and/or where the body was drowning. Every
year drowning claims between 6 and 8000 people in the
United States, and most of these victims are children or
young.1,2 Drowning is defined as a flood of the breathing
treatment with liquid fluid, generating an accentuated
compromising of the lung function and interrupting the

gaseous changes. Soon after the anóxia begins, culminated
in asphyxia and death.3,4 Rivers, lakes and oceans are
representative places of larger drowning incidence.5
Significant portion of the current deaths of drowning is for
homicide, tends, therefore, special relevance for the
Forensic Pathology. 6-8 However, the presented
methodologies generate nonsense among the authors,
mainly when the differentiation is discussed among
drowning happened in fresh water and/or salted water.3,9,10
Therefore, this article proposes the development of a safe
and low cost technique to solve this conflict.
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Methods
Animal experiments
All methods were approved by the Institutional
Research Committee at Federal University of Sao Paulo, in
accordance with National Institute of Health (NIH) Guideline
Reagarding Animal Experimentation.
Animal preparation and surgical technique
Male Wistar rats (n= 15, bodyweight 340-380 g) were
fasted overnight with free access to food and water ad
libitum. Rats were anaesthetized with sodium thiopental
(40 mg/kg bw, Thionembutal, ABBOTT, SP, Brazil)
intraperitoneally (ip). Animals were placed in the supine
position and 1% lidocaine was injected subcutaneously of
the region of the trachea. Tracheostomy was performed,
and a 14-gauge cannula was advanced to a position
approximately 1 cm above the carina (Figure 1).

water was collected at the Boqueirão beach, city of SantosSP, face to face to the number 10 of the Praia Vicente de
Carvalho Avenue, located among the channels three and
four. For collection were counted 35 meters, inside of the
water, starting from the margin, at 11 hours (a.m).
The rats were randomized in 3 groups (n= 5 each
group): Group 1 - control; Group 2 - the rats were drowning
with approximately 30 mL/kg bw of the fresh water, infusion
taxe by 1 mL/min, and Group 3 - the rats were drowning with
approximately 30 mL/kg bw of the salty water, infusion taxe
by 1 mL/min. The survival period, time between the
beginning of fluid instillation and cardiac arrest, was shorter
than 3 minutes. Immediately after death the lungs were
removed and fixed in 10% formolaldehyde (Figure 2).
Specimens were prepared for histology, colorated with
monoclonal antibody CD-68 (mouse anti-human
macrophage, clone KP1, code nº M0814, Dako).

FIGURE 2 - A - Rats being drowning; B - Incision subxiphoid;
C - Sternum opening; D - Remove of the lungs

FIGURE 1 - Surgical technique: A - Landmark of the operative
field; B - Presentation of the cervical muscles;
C - Exposition of the trachea; D - Insertion of
the 14-gauge cannula

Experimental protocol
The water were colected in two points: 1) Fresh Water:
the fresh water used was collected of the Guarapiranga dam,
city of São Paulo-SP, face to face to the number 151, of the
Valentim Ramos Delano Street, and to 35 meters, inside of
the dam, starting from your margin. The collection was
accomplished at 11 hours (a.m). 2) Salty Water: the salted
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Statistical analysis
The statistical analysis accomplished using the SPSS
statistical software (SPSS 10, SPSS Science, IL, USA). Oneway rank analysis of variance followed by Tukey-Kramer
adjustament. Data are reported as means±S.D. A P values <
0.05 was considered to be statistically significant.
Results
The statistical analysis demonstrated that the
macrophage numbers were increased in the lungs of the
animals of the group G2 and G3 when compared with the
group G1 (p=0,0001). The macrophage numbers in the lungs
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of the group G3 was increased when compared with the
group G2 (p=0,0001) (Figure 3). The weight of the lungs of
the animals of the group G3 and G2 was increased when
compared with control group (G1; p=0,0001). However, there
was not difference weight statistics among the lungs of the
groups G2 and G3 (Figure 4).

FIGURE 3 - Demonstrates the macrophage numbers found
in the histologic analysis. When analyzed
among equal we found statistical difference
in: RLC vs. FWRL, p=0.001; RLC vs. SWRL,
p=0.001; FWRL vs. SWRL, p=0.001; LLC vs.
FWLL, p=0.001; LLC vs. SWLL, p=0.001;
FWLL vs. SWLL, p=0.001. Abbreviations:
RLC= right lung control; LLC= left lung control;
FWRL= fresh water in right lung; FWLL= fresh
water in left lung; SWRL= salty water in right
lung; and SWLL= salty water in left lung.

FIGURE 4 - Demonstrates the weight of the lungs, right
and left, after the procedure. When we
analyzed the weight of the lungs among equal
we found statistical difference in: RLC vs.
FWRL, p=0.001; RLC vs. SWRL, p=0.001;
FWRL vs. SWRL, p=0.001; LLC vs. FWLL,
p=0.001; LLC vs. SWLL, p=0.001; FWLL vs.
SWLL, p=0.001. Abbreviations: RLC= right
lung control; LLC= left lung control; FWRL=
fresh water in right lung; FWLL= fresh water
in left lung; SWRL= salty water in right lung;
and SWLL= salty water in left lung.

Discussion
The drowning is prostrated as a dilemma for the
forensic medicine. It is unquestionable that considerable
portion of the drownings occur due to homicides, in spite
of this there are cases in which this elapses as consequence
of accidents. A range of situations exists for a dead
individual’s emergence to be questioned in a river, lake or
ocean. In homicides, the killer can, for instance, suffocate
the victim and then throw the body in a lake, or, still, an
individual drowned in a river can have the body found in
the ocean. In that aspect, it is of considerable importance
that the medical expertise stop diagnosis means to determine,
with high sensibility and specificity, the form the crime had
been executed.
Several studies describe significant differences in the
death mechanism provoked by the drowning in fresh and
salty water.11-13 Classic studies of Swann, with experimental
models, demonstrated that different changes
hemodynamics and biochemistries happen in drownings in
fresh water and salted.14,15 When the drowning happens in
fresh water, there is an accelerated diffusion of hypotonic
water of the lungs for the circulatory system, resulting in
hipervolemia, hemodilution, hemolysis and decrease of the
seric electrolytes serices, except for the potassium. The
potassium concentration increased in the blood due to the
hemolysis. In the drowning in salted water, the eletrolites
presents in the water are diffused for the circulation due to
the concentration gradient. For similar process flowed them
blood they are diffused for the alveoli. At the same time, the
alterations that happen are hypoproteinemia, hipovolemia,
hemoconcentration and lung edema.8
The results show a significant increase in the
macrophage numbers in the animals drowned in salted water,
when compared with drowned in fresh water. Both drowned
groups had a significant increase in the number of the
alveolar macrophages when compared to the control group.
However, Betz et al, in his results verified a decrease in
the number of present alveolar macraphages in the
individuals’ lungs when the individual was slain by
drowning in fresh water, when compared to the controls.10
That discrepancy of results can be related to the
considerable number of variables in the casuistry included
in the study.
Another expressive discovery was the independence
of the amount of macrophages in relation to location. The
count of the alveolar macrophages, in the left and right
lungs of each animal it was not significant (p>0.05). This
indicates that it is possible to analyze the drowning in
fragments of any lung, independently of the location of the
histologic cut.
The authors suggest that a study is accomplished in
humans, with expressive casuistry, to establish a parameter
of the amount of alveolar macrophages in individuals that
came to death, for drowning in fresh and/or salted water,
besides a control with cause non drowning mortis. With
that, he settles down a quantitative standardization of
alveolar macrophages that can be used in the diagnosis
diferencial by the Forensic Pathology.
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Conclusion
The method used for differential diagnosis by drowning
in fresh and/or salted water was effective in rats. The results,
if expanded, can corroborate with the confirmation of the
place where the death really happened, for a technique of
low cost and of considerable reliability for the Forensic
Pathology.
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