Hypoxaemia affects male reproduction: a
case study of how to differentiate between
primary and secondary hypoxic testicular
toxicity due to chemical exposure
Ernst M. Bomhard & Heinz-Peter Gelbke

Archives of Toxicology
ISSN 0340-5761
Arch Toxicol
DOI 10.1007/s00204-013-1024-6

1 23

Your article is protected by copyright and
all rights are held exclusively by SpringerVerlag Berlin Heidelberg. This e-offprint is
for personal use only and shall not be selfarchived in electronic repositories. If you
wish to self-archive your work, please use the
accepted author’s version for posting to your
own website or your institution’s repository.
You may further deposit the accepted author’s
version on a funder’s repository at a funder’s
request, provided it is not made publicly
available until 12 months after publication.

1 23

Author's personal copy
Arch Toxicol
DOI 10.1007/s00204-013-1024-6

REVIEW ARTICLE

Hypoxaemia affects male reproduction: a case study
of how to differentiate between primary and secondary hypoxic
testicular toxicity due to chemical exposure
Ernst M. Bomhard • Heinz-Peter Gelbke

Received: 15 January 2013 / Accepted: 6 February 2013
 Springer-Verlag Berlin Heidelberg 2013

Abstract Classification for fertility is based on two
conditions, namely on evidence of an adverse effect on
sexual function and fertility and that the effect is not secondary to other toxic effects. To decide on an adverse
effect is a relatively simple day-to-day decision in toxicology but whether this effect is secondary often leads to
serious controversy. As the seminiferous epithelium operates on the verge of hypoxia, oxygen deficit can lead to
secondary impairment of testicular function. This is well
known from healthy mountaineers exposing themselves to
high altitude. They have reduced blood oxygen content that
goes in parallel with impairment of testicular function and
this effect remains for some time in spite of a compensatory polycythaemia. Similar findings are described for
experimental animals exposed to hypobaric oxygen/high
altitude. In addition, testicular function is affected in severe
diseases in humans associated with systemic oxygen deficit
like chronic obstructive pulmonary disease, sickle cell
disease or beta-thalassaemia as well as in transgenic animals simulating haemolytic anaemia or sickle cell disease.
The problem of insufficient oxygen supply as the underlying cause for testicular impairment has received relatively little attention in toxicology, mainly because blood
oxygen content is generally not measured in these animal
experiments. The difficulties associated with the decision

whether testicular toxicity is primary or secondary to
hypoxia are exemplified by the results of inhalation studies
with nickel subsulphide and gallium arsenide (GaAs). Both
of these particulate substances lead to severe lung toxicity
that might impair oxygen uptake, but testicular toxicity is
only observed with GaAs. This may first be explained by
different effects on the blood: nickel subsulphide inhalation
leads to a compensatory erythropoiesis that may mitigate
pulmonary lack of oxygen uptake. In contrast, GaAs
exposure is associated with microcytic haemolytic anaemia
thereby aggravating any possible oxygen undersupply.
Furthermore, the predominant pulmonary effect caused by
GaAs (but not by nickel subsulphide) is alveolar proteinosis. Pulmonary alveolar proteinosis is also known as a
severe disease in humans associated with hypoxaemia.
Therefore, we conclude that the testicular effects observed
after GaAs are secondary to hypoxaemia caused by the
combination of pulmonary proteinosis and haemolytic
anaemia. This publication tries to raise awareness to the
severe consequences of hypoxaemia on testicular function
that may already be caused by reduced oxygen pressure at
high altitude without any chemical exposure.

E. M. Bomhard
REACh ChemConsult GmbH Dresden, Dresden, Germany

Introduction

E. M. Bomhard (&)
Am Brucher Haeuschen 79, 42109 Wuppertal, Germany
e-mail: ernst.bomhard@t-online.de

(...)

Keywords Hypoxia  Lung disease  Blood disease 
Lung toxicity  Blood toxicity  Testicular toxicity 
Male fertility  Gallium arsenide  Nickel subsulphide

H.-P. Gelbke
CinTox Mannheim, Mannheim, Germany

123

