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Testing of human equivalent dose of health food 5-aminolevulinic acid using the experimental pig  
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Dear Editor: 
Updated consolidated information on potential drugs to prevent the 

spread of coronavirus disease (COVID-19) and to treat patients world
wide is essential [1]. While there have been few effective medications 
for the novel coronavirus infection, the use of drugs that have previously 
been approved for other indications and with known efficacy is 
advancing rapidly [2–5]. However, their use is considered to be limited 
by anti-SARS-CoV-2 50% maximal effective concentrations (EC50) that 
exceeded their achievable peak serum concentrations (Cmax), side ef
fects, and availability. Recently, Yuan et al. reported a two-tier drug 
screening system that combined the SARS-CoV-2 enzyme-linked 
immunosorbent assay and cell viability assay and applied it to screen a 
library consisting 1528 Food and Drug Administration-approved drugs 
[6]. 

In addition, health foods that are being widely consumed by people 
and have no or very few adverse events are also attracting attention as 
treatments for the novel coronavirus infection. A recent in vitro exper
iment showed the virucidal effect of 5-aminolevulinic acid (5-ALA) such 
health foods on SARS-CoV-2, and clinical trials are currently under way 
[7]. ALA is widely used as a health food, and there have been no reports 
of adverse events related to its use. However, the virucidal effect on the 
coronavirus mentioned in the previous study is based on culture solution 
observations, and to achieve the same concentration of ALA in blood, the 
dose must be raised to 15–45 times that of the oral intake of health 
foods. In fact, a recent case report concerning patients with coronavirus 
mentioned that empirically, the ALA dose used was 750–2250 mg/day 
[8]. 

We previously verified the human equivalent dose (HED) of 5-ALA to 
determine the various unknown effects of health foods in an experi
mental miniature porcine kidney ischemia/reperfusion model that is 
physiologically similar to humans [9]. First, we pre-administered the 
porcine kidneys with a high concentration of ALA, at 10 times more than 
the amount used in human health foods (low concentration), to induce 
an extremely ischemic state in the kidneys and determined the con
centration that achieves a clear pathological improvement. Our results 
indicated that the pathological score improved in a dose-dependent 
manner in the porcine model. We also observed a correlation between 

the blood 5-ALA concentration and pathological score for each animal. 
Therefore, we estimated the required blood 5-ALA concentration from 
the expected pathological score using the approximation formula and 
used the results of pharmacokinetic testing in a human phase 1 study 
(5-ALA administered dose – blood concentration curve) to calculate the 
predicted effective dose of 5-ALA for clinical use in humans (Fig. 1). 

Pharmacokinetic and pharmacodynamic testing is not required for 
common health food products. While health foods may contain both 
effective and potentially harmful components, they are not subjected to 
thorough evaluation procedures such as measurement of the post
prandial blood concentration of their components and evaluation of 
their blood-concentration-related effects. However, when attempting to 
rapidly verify the secondary pharmacological effect of health foods, such 
as their virucidal effect on the novel coronavirus, it would be difficult to 
extrapolate the knowledge on the pharmacological effect of the health 
foods gained using cultured cells and mice to humans; mice data cannot 
be extrapolated to humans with accurate predictability. 

In this regard, it may be necessary to determine the human equiva
lent dose of such health foods by evaluating their secondary pharma
cological effects other than the antiviral effect using experimental pigs 
that are similar to humans in terms of body size and metabolism. The use 
of pigs would allow us to observe the adverse effects of test compounds 
and alert physicians of possible concentration-related effects when the 
products are used in the human clinical setting. A recent study indicates 
that swine are susceptible to low levels of SARS-CoV-2 viral infection 
[10]. Infectious dose, viral isolate, age, comorbidities such as risk factors 
for severe COVID-19 in humans, and breed or colony of pigs could affect 
outcomes. Pigs with risk factors for severe COVID-19 in humans may 
facilitate and accelerate SARS-CoV-2/COVID-19 research. 
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Fig. 1. (A): First, a fitted line was used to estimate the porcine blood concentration of 5-aminolevulinic acid (5-ALA) at which there was a significant improvement in 
pathological score in the porcine ischemia/reperfusion model. (B): A fitted curve is shown for maximum 5-aminolevulinic acid (5-ALA) blood concentration (Cmax) 
(vertical axis) plotted against oral dose of 5-ALA (horizontal axis) in healthy people. This fitted curve was used to extrapolate the oral dose in humans that cor
responded with the 5-ALA blood concentration in pigs at which there was significant improvement. 
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