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Introduction

In order to prevent COVID-19 infection or treat its patients 
world-wide, we have to know precisely how this virus replicates, 
and causes fibrosis (inflammation of lungs) in the end. As we 
previously discussed the matter in detail [1], COVID-19 is an 
RNA virus which requires RNA dependent RNA polymerase 
(RdRP) in host cells for replication, and the major “pathogenic” 
kinase called PAK1 (RAC/CDC42-activated kinase 1) for causing 
the inflammation. Thus, in principle, RdRP inhibitors can block 
the replication of this virus. However, so far none of RdRP 
inhibitors available in the market showed remarkable effect 
to treat COVID-19 patients world-wide. Besides most of RdRP 
inhibitors are ATP antagonists, and cause side effects which 
are due to inhibition of many other ATP-dependent enzymes 
such as kinases, ATPases, ATP-dependent chaperons and so on. 
Alternatively, PAK1-blockers in general cause no (or little) side 
effect, and at least (i) block the fibrosis, the main cause of death, 
and (ii) stimulate our immune system to neutralize the virus.  In 
addition, there is an increasing evidence(s) indicating that viral 
entry into host cells requires PAK1 as well. Thus, PAK1-blockers 
readily available in the market would be much better than RdRP 
and vaccine, development of the latter taking at least a year, and 
would be no longer useful when the viral genome is mutated to 
change its antigenicity. Thus, here a few marine compounds or 
organisms readily available in the market will be introduced.

Fucoidan

First of all, Fucoidan is a sulphated polysaccharide from 
eadible brown or red seaweeds (Figure 1). According to a recent 
report from a Chinese group, fucoidan binds tightly the spike 
protein of COVID-19, blocking its binding to the receptor called 
ACE-2 on the surface of host cells [2].  In addition, as a PAK1-
blocker (activating PTEN, a phosphatase, which down-regulates 

 
PAK1), fucoidan would suppress fibrosis in lungs, as well as 
stimulate our immune system, producing antibody against 
COVID-19.  Back in 1919, Flu virus pandemic called “Spanish Flu” 
caused 50 million death tolls (with worldwide death rate= 10 %). 
Interestingly, however, its death rate in Korea and Japan was only 
2%.  The major factor for this extremely low death rate has been 
strongly suggested, if not proven as yet, to link closely to everyday 
consumption of seaweeds by the people in this far-east area. Just 
like Fucoidan, heparin is also a sulphated polysaccharide and has 
a similar anti-COVID-19 activity [3]. Heparin was discovered in 
1916 and is produced by basophils and mast cells in mammals and 
used mainly as an anti-coagulant (blocking platelet aggregation). 
Heparin blocks the thrombin/EGF-induced mitogenic/oncogenic 
signal pathway including EGFR, PAK1 and ERKs via heparin-
binding EGF like growth factor [4-6]. 

Astaxanthin

Astaxanthin (AX) is a carotenoid (Figure 2) which is produced 
by red salmon and some other marine animals as well as red 
seaweeds. According to a 2011 article from a Japanese team, 
AX extends the healthy lifespan of C. elegans by 16-30% [7], 
clearly indicating that AX is an elixir that promotes the longevity. 
Furthermore, AX and several other carotenoids activate p21 (CDK-
inhibitor) gene, which is suppressed by PAK1, indicating that AX 
is among PAK1-blockers [7]. Furthermore, according to a 2020 
report from an Indian team, AX possesses both anti-inflammatory 
and immune promoting activities [8] (Figure 2), clearly backing 
up the notion that AX is a PAK1-blocker. 

Saponins

In addition to these marine PAK1-blockers readily available 
in the market, there is another PAK1-blocker “Frondoside A” (FRA 
in short, see Figure 3) from a sea cucumber called Cucumaria 
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frondosa. FRA was isolated around 2008 by Tom Adrian’s team as 
a potent anti-cancer sulphated saponin (IC50 around 1 micro-M), 
but later we found that FRA directly inhibits PAK1 in vitro with IC50 
below 1 micro-M, in a very selective manner [9,10]. Furthermore, 
a similar saponin but desulphate form of FRA was isolated by us 
from another sea cucumber called Holothuria atra living along the 

coastline of Okinawa Islands, and appears to inhibit PAK1 without 
sulphation [11]. Although these saponins per se are not avaialable 
in the market, these eadible sea cucumbers are available in the 
market as healthy diets. Both saponins are soluble in hot-water, 
and easily extractable from these sea cucumbers by boiling water. 
Thus, it would be worth mentioning here.

Figure 1: Fucoidan.

Figure 2: Astaxanthin.
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Figure 3: Frondoside A (FRA).

Lastly, Holotoxin, a third saponin isolated from Stichopus 
japonicus (Selenka), an eadible sea cucumber harvested along the 
coastline of Far-East Asia (Japan, Korea, China and Russia) was 
found by a Japanese scientist around 1969 as a potent anti-fungal 
saponin [12], and then later sold mainly among therapeutics of so-
called “Athlete’s Foot”. Interestingly, both growth and movement 
of fungi in general depend on PAK1, and another “Athlete’s Foot” 
therapeutic called Terbinafine (or Lamisil) has been proven by a 
Taiwanese group in Taipei to be a PAK1-blocker [13]. Thus, it is 
most likely that many of “Athelete’s Foot” therapeutics, if not all, 
could be among PAK1-blockers useful for COVID-19 treatment.
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