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Establishment of a Hybrid Preparation Technique for the 
Simultaneous Investigation of Histology and Broncho-
Alveolar Lavage Parameters of the Rat Lung 
 
Inhaled particles or fibres may cause acute inflammation of the lung or, in some cases, may lead to 
delayed effects such as lung fibrosis or cancer. Particles or dusts which enter the deep regions of 
the lung parenchyma due to their small size of less than 5 µm are of relevance for occupational 
health, and need to be tested toxicologically. This is routinely carried out by an inhalation toxicology 
approach according to OECD guidelines. About 50,000 rats are subjected to this testing strategy 
every year. With the advent of the REACH legislation and the adaptation of the guidelines to 
nanoparticles a further increase of this number is to be expected in Europe over the next years. 
During particle exposure the experimental animals (rats) are exposed to particle-enriched air 
(mostly <50 mg/m3). To make sure that particles are exclusively taken up via inhalation, rats are 
placed in tight tubes from which only the animals' snout protrude into the particle containing 
atmosphere. This situation is maintained for six hours a day and repeated daily for several weeks, 
with the overall time depending on the design of the study.  To assess the biological effects of 
particles, the broncho-alveolar lavage fluid (BALF) as well as the tissue structure of the lung is 
investigated at various points in time secondary to particle exposure. Invaded inflammatory cells 
and other components of the BALF, as well as possible alterations of the lung tissue are analysed. 
Figures 1 and 2 summarize the major steps of this process and show some typical results. Most 
importantly, only the synopsis of all results allows for a sound interpretation of particle effects on 
lung tissue. Therefore, up to now two animal collectives are required to separately study effects on 
histology and BALF parameters. 
The project aims at carrying out these investigations on only one animal collective. To achieve this 
goal the left lung shall be used for histology only, whereas the right lung shall be used for BALF 
preparation. This Hybrid Preparation has not yet been used for toxicological routine testing due to 
some intricate and time-consuming steps. Moreover, no systematically conducted studies are 
available to compare the outcome of both methods. 
In the project the methodology shall be optimised such that it may become implemented into 
existing protocols. This will be done in conjunction with the experienced animal testing laboratory of 
BASF-SE. In parallel, the urgently needed data for comparing both methods will be generated. As 
soon as the new Hybrid Preparation turns out to be sufficient for evaluating particle effects on the 
lung, it shall be proposed to OECD with the aim to become part of an improved guideline. 
The Hybrid Preparation has a strong relation to the 3R concept: Although it is not an in vitro method 
meant to mimic the complexity of the lung and to replace the animal experiment, the method has a 
strong potential to reduce animal numbers by half. Bearing in mind the expected increment in 
animal numbers as outlined above, this reduction appears highly desirable. Moreover, data for 
each animal will be more complete and this, in the sense of an refinement, will ease evaluation in 
case of uncertainty or inter-individual difference.   
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Figure 1. Application of the Hybrid Preparation allows to retrieve broncho-alveolar lavage fluid from the right 
lung only, while the left lung is used for histology. In the currently used methodology two separate animal 
collectives are used for these investigations. 

 

 
Figure 2. Micropgraphs from typical broncho-alveolar lavage fluids (A, B) and lung tissue sections (C, D).  
Alveolar macrophages (AM) are the dominant immune cells lavaged from a healthy lung (A). Particle load 
leads to signs of inflammation (B) indicated by numerous neutrophilic granulocytes (PMN). Lung histology of 
a healthy lung (C) shows air-filled alveoli (Alv) formed by the fine alveolar septa (aS). In particle-laden lungs 
(D) cells can be found inside alveoli (arrow). Moreover, growth processes may lead e.g. to a thickening of the 
alveolar septa and diminished gas transport capabilities. (A, B) May-Grünwald-Giemsa staining, (C, D) 
paraffin sections, HE-staining, digitally inverted.  
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