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Abstract: The relationship dose x time = constant [mg · hr] has been reported in many toxicological experiments during 

the past 100 years. It was handled as a curiosity until Rozman and Doull pointed out that it can be found in every experi-

ment that is conducted under equilibrium conditions which is called steady state in pharmacology and toxicology. This 

manuscript suggests that this relationship is consistent with the most basic laws of physics. 
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INTRODUCTION 

 Rozman and Doull published a series of articles on the 
central role of dose x time = constant paradigm for both 
toxicology and pharmacology [1-7]. It was obvious from the 
beginning that it is a logical impossibility that a law of toxi-
cology/pharmacology could exist on its own right rather than 
being a reflection of a fundamental law of nature. The sim-
plicity of the relationship suggested that its origin must be 
sought in the most basic laws of physics. 

RATIONALE 

 Dose in pharmacology/toxicology is most commonly 
depicted as mg, which is a mass, whereas time is often 
measured as hours or days. Remembering that there is a 
mass/energy region where waves have properties of mass 
and mass (e.g. electron) has characteristics of a wave, sug-
gested the existence of a relationship, at least for this energy 
region. 

 According to Einstein 

  E = m · c
2
 

  m….mass [g] 

  c…..velocity of light [cm · sec
-1

] 

and according to Planck 

  E = h ·  

  h….Plank’s action constant  
   (Wirkungsquantum) [erg · sec] 

   (nu)...frequency of radiation (light) [sec
-1

]. 

 Consequently for the same level of energy (E = constant) 
it must be valid to write 

  m · c
2
 = h ·  

   or 

  m =
 2
c

h

 
· .
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 Since both h and c are constants they yield a new con-
stant 

  m = constant* ·  

 or 
m

 = constant* [g · sec] 

 It was astonishing to see the dimensions of the dose x 
time = constant paradigm of toxicology/pharmacology 
emerging from these basic considerations. 

COMMENTS 

 The similarity of the defraction spectrum of electrons and 
of X-rays of similar energy on, for example, aluminum pow-
der, was textbook knowledge back in the 1960s [8], suggest-
ing that at least in terms of energy they are indeed identical. 
The dose x time = constant paradigm of toxicol-
ogy/pharmacology has been reported under various experi-
mental conditions during the past 100 years, most often in 
inhalation toxicology. It has not been recognized though 
until Rozman et al. [6, 7] pointed out that the fundamental 
requirement for it was that it could be seen only, but then 
always, under conditions of equilibrium or in the language of 
pharmacology/toxicology under conditions of pharmacoki-
netic or pharmacodynamic steady state. 

DISCUSSION 

 To have a foundation in fundamental laws of nature is 
enormously important for any scientific discipline. So it is 
for toxicology and pharmacology, because it carries the po-
tential of the dose x time = constant paradigm to be elevated 
to a theory. A theory has far-reaching consequences for a 
discipline because it defines the boundaries of what is possi-
ble and what is impossible like thermodynamics did it for 
those seeking to construct various kinds of perpetuum mo-
bile. Toxicology has more than its fair share of unfounded 
speculations devouring enormous resources due to the result-
ing irrational regulations. Linear extrapolation of toxicity 
(carcinogenicity) is perhaps to most striking example among 
many. If this hypothesis attains the level of a theory of toxi-
cology, then many of its current practitioners will join up 
with the now extinct crowd of searchers for a perpetuum 
mobile, this time around of the toxicological kind. 
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