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Abstract: 

Embotricin™ (EMB), a multicomponent compound is curative of coronavirus. Foreign 

(xeno) agents including environmental pollutants and infections disrupt the cell’s 

protective shield, glycocalyx and a sequela (plexic) of oxidative and inflammatory 

damages trigger pathologies, herein called xenoplexic diseases. Multicomponent etiology 

is best treated with combo therapy. EMB was aimed to restore and maintain a healthy 

cell to ward off SARS cov-1, which may well be a universal platform to treat xenoplexic 

diseases where monotherapies fail.   

 

Introduction 

Majority of diseases are triggered by a breach in the cell’s protective layer called 

glycocalyx (GCX). The extraneous source of breach is largely from lifestyle (stress, 

physical and mental abuse, diet, drug usage) and exposure to environmental stressors 

(toxins, pathogens, radiation, chemicals pollutants in foods, personal care products, 

household goods, air soil), which are non-hereditary. The remaining diseases are 

heritable epigenetic or true monogenic genetic disorders, which originated the ‘one gene-
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one enzyme’ and ‘one drug-target concept of drug discovery (1) and inspired the Human 

Genome project, which promised some 30,000 genes as “druggable” targets (2).  

However, finding the target gene for a ‘magic-bullet’ has proven to be unsuccessful (3) 

because > 90% of disease risks are due to lifestyle and environment with genetic factors 

account for only a minority of diseases. (4). The majority is due to environment (5, 6), 

including the family of cardiovascular disease (CVD), inflammatory, neurological, 

immunological, hematological, endocrine disorders, cancer, macular dysfunction, and 

infections.  The effectiveness of natural folk medicine was due to the synergistic 

interaction of multiple components, but drug discovery and development switched to the 

one-drug one-target philosophy during the decades after World War II (7).   

The SARS-CoV-2 features a complex etiology involving multiple targets and affecting 

multiple organs. In this regard, the traditional “one drug-one target-one disease" discovery 

paradigm does not bode well in the development of effective covid-19 therapy including 

the traditional vaccines, antiviral drugs or antibody therapies may not be effective enough 

to treat the covid-19. This study evaluates the concept of combo component strategy to 

treat covid-19, particularly Embotricin™ (EMB).     To date iterations of the ‘one gene-one 

enzyme/disease’ remain the basic platform of drug discovery but has not delivered the 

promised “magic bullet” vs chronic diseases. The reason for this failure is that 

conventional drug development does not focus on the multiple upstream cause of 

diseases. For example, the one-gene-one enzyme is a monotherapy platform that 

focuses on the downstream disease manifestation, which is a symptom amelioration 

strategy and at best palliative. Key to the success of a drug development program is 

understanding disease etiology and identification of the right target.   
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In this study, the premise is that environmental determinants (xeno, superficial), which is 

of multiple (plexic) origin are the upstream cause of diseases, herein called xenoplexic 

diseases.  Thus, a xenoplexic diseases is defined as a disease triggered by environment 

including lifestyle and drug usage, which disrupts the homeostatic balance of molecules, 

and if left unrepaired manifests as chronic diseases with epigenetic sequelae. While 

chronic disease is symptom-centric, xenoplexic is etiologic.    

 

Results   

a. Virus lung titers. 

The basic component compounds of EMB are FTX-214, FTX-218, FTX-219, including the 

additive sodium thiosulfate (Fig.1). The first segment of this study (I) evaluated different 

ratios of the 3 components in the above sequence including (A) 1.0:1.0:1.0; (B) 

0.5:1.5:1.0; (C) 1.0:0.5:1.5 ratio; and (D) 1.5:1.0:0.5. A second segment evaluated the 

basic EMB with thiosulfate added, thus a 4-combo component with the ratio of 1:1:1:1 

(FTX-214/FTX-218/FTX-219/sodium thiosulfate). The 3rd segment is the incorporation of 

a known “antiviral drug” Poly I:C, as a comparative positive control and an untreated 

control or placebo (Table 1). The virus titers in all the mice are shown in Table 2. All the 

treatments significantly (**P<0.01) reduced lung virus titers on day 5 post-infection 

compared to placebo (Fig. 2).    

Preliminary study (unpublished) indicated the importance of adding sulfate and this study 

confirms that thiosulfate enhanced the activity of EMB. The outermost component of the 

GCX is heparan sulfate (HS) and the loss of sulfate is believed to contribute to viral entry 

(Fig. 3). 
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b. Efficacy of the combo treatments in reducing viral load. 

The mice were sacrificed at days 3 and 5 post-infection for lung virus titers. The average 

virus titer levels of the 4 mice in each group were calculated and the reduction of virus 

titers from the 3-day to the 5-day mark is used to evaluate antiviral efficacy. Thus, the 

more negative the value, the better the activity. For example, treatment H has the best 

activity with a value of -1.7 (Fig. 4)   

c. Efficacy of the combo calculated as percent reduction in viral load. 

Another metric for evaluating efficacy is by percent reduction in viral load. Thus, the 

difference between 3-day and 5-day was divided by the 3-day value and expressed as 

percent. With this metric the order of efficacy is as follows:  H > G > F > A > D > B = C > 

I > J > E (Fig. 5). Note that all the combos, except the low dose (1.55 mg/kg) were of 

superior activities over the antiviral control Poly (I:C) 

d. Projected efficacy slopes 

There were significant reductions in viral load in all the treatments, albeit calculated from 

two points.  In this regard, virtual linear slopes were calculated beyond the 5-day post 

infection. The best slopes were G (6.2 mg EMB + SO4) and H (6.2 mg EMB + SO4), which 

converged at the 6-day mark, then F at 6.5-day mark followed by I (poly I:C) and A (EMB, 

no thiosulfate) and poly (I:C) converged at the 7-day mark (Fig. 6).    

Discussion: 

The antiviral drug used to compare the efficacy of the combo compound EMB is 

polyinosinic: polycytidylic acid (poly I:C) (Fig. 7). Poly I:C is structurally similar to 

dsRNA. which is administered to simulate viral infections (12) and in response, the host 
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produces type I interferon (IFN), dendritic cells (DCs) and natural killer (NK) T-cells to 

reduce viral loads (13).  Poly I:C is being repurposed vs covid-19 (14). 

In this study Poly I:C was administered 1 day prior to infection to build up adaptive 

immunity. As a parallel comparison, EMB and combo compounds were also administered 

a day prior to infection. As expected, Poly I:C-treated mice showed lower viral titers in the 

3-day mark than EMB or the combo compounds, which confirms the potent immunogenic 

and preventive action of Poly I:C (Fig. 6).  However, as treatment continued, the rate of 

viral reduction slowed down in the Poly I:C treated mice, while the EMB compounds 

showed sharp reduction in viral load, for example 11.8% reduction in Poly I:C compared 

to 20.9% for combo compound H (Fig. 5).  This indicates that EMB or the combo 

compounds were curative, while poly I:C, for the most part is preventive. 

The basic EMB formulation is a fixed dose combo of FTX-214/FTX-218/FTX-219 at 1:1:1 

ratio. To evaluate the importance of each component, a brief factorial study was carried 

out by changing ratios of the components in the combo. Fig. 5 shows that changing the 

ratio did not improve the activity over the 1:1:1 ratio, which indicates equal contribution of 

the components. However, adding thiosulfate to EMB to create a 4-combo compound 

(FTX-214/FTX-218/FTX219/sodium thiosulfate) at 1:1:1:1 boosted the activity of EMB 

(Fig. 5).  The possible effect was increased heparan sulfation, which restored the integrity 

of heparan sulfate as a viral shield.  

To determine the effect of dose on this 4-component EMB, 4 dosages were evaluated 

including low (1.55 mg), control (3.1mg), medium (4.65 mg) and high (6.2 mg). A linear 

dose response was observed with 1.55 mg as the least active (5.4% viral load reduction) 

and 6.2 mg as the highest with 20.9% viral load reduction (Fig. 5). This experiment 
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indicates that dosage of the combo is more significant than changing the ratio of the 

components in viral load reduction. 

The emerging mode of action for each of the combo component include increased 

heparan sulfate sulfation by thiosulfate, restoring the integrity of the endothelial 

membrane by FTX-214, neutralizing oxidative reactive oxygen species (ROS) damage by 

FTX-219, and mitigating inflammatory cytokines by FTX-218 (Fig 8). These individual 

components synergize to restore in toto the health of the cell, which in turn ward off viral 

infection  

In summary, EMB effectively reduced the viral load of SARS cov-1, not by directly 

inhibiting the virus, but most likely due to enhancing the health of the cell.  

 

Materials and Methods  

Animals:  Female 5-week-old BALB/C mice were obtained from Charles River 

Laboratories (Wilmington, MA) for this experiment.  The mice were quarantined for 3 days 

before use and maintained on Teklad Rodent Diet (Harlan Teklad) and tap water at the 

Laboratory Animal Research Center of Utah State University.    

Virus:  Severe Acute Respiratory Syndrome-Associated Coronavirus (SARS-CoV-1) 

Urbani strain was obtained from the Centers for Disease Control and Prevention and 

adapted for lethality in mice as described (15).  

a. Experiment design:   

Per experimental design laid out in Table 1 a total of 80 mice were randomized into 4 

groups of 8 mice per group. The compounds were solubilized using in vehicle comprised 
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of 20% cremophor and 80% saline.  Poly I:C was purchased from InvivoGen (San Diego, 

CA) and solubilized in saline.    

b. Treatment with compounds  

The compounds were administered 2 days prior to infection, given by per os (PO) daily 

(q.d.) for 5 days.  Poly I:C was given twice daily (b.i.d.) by IP administration beginning 1 

day prior to infection.  For challenge, mice were anesthetized by IP injection of 

ketamine/xylazine (50 mg/kg/5 mg/kg) prior to challenge by the intranasal route with a 

dose of 1 x 10 3.5 50% cell culture infectious doses (CCID50) in a 90 μl inoculum volume. 

Four (4) mice sacrificed at days 3 and 5 post-infection for lung virus titers. 

c. Ethics regulation of laboratory animals:  

This study was conducted in accordance with the approval of the Institutional Animal Care 

and Use Committee of Utah State University dated March 31, 2020 (expires March 30, 

2023).  The work was done in the AAALAC accredited Laboratory Animal Research 

Center of Utah State University.  The U. S. Government (National Institutes of Health) 

approval was renewed March 9, 2018 (PHS Assurance No. D16-00468[A3801-01]) in 

accordance with the National Institutes of Health Guide for the Care and Use of 

Laboratory Animals (Revision; 2011). 
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Figures and tables: 

 

Figure 1. Structures of the four component compounds: sodium thiosulfate, FTX-

214, FTX-218 and FTX-219. 
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Table 1. Study layout including formulation ratio of component compounds and 

doses. 
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Table 2. Lung virus titers from BALB/c mice treated with 3- and 4-component EMB 
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Figure 2. Treatments A-I significantly reduced SARS cov-1 lung titers on day 5 

post infection compared to placebo (**P<0.01) 
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Figure 3. Loss of sulfation or disruption of heparan sulfate (HS) weakens the 

glycocalyx shield for viral entry 
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Figure 4. Relative efficacy of the different combo component in reducing 

viral load in lung of mice showing H, G, and F as most active 
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Figure 5. All the combos, except E (1.55 mg, low dose) showed better reduction in 

viral load over the reference drug Poly I:C  
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Figure 6.  Virtual slopes to calculate viral reduction trend beyond the 5- day 

post exposure: G, H converged at the 6-day mark, F at 6.5-day, and A poly 

I:C at 7-day. 
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Figure 7. Proposed mode of action of  the 4-component EMB includes restoration 

of the integrity of the glycocalyx shield while mitigating the inflammatory and 

oxidative damages 
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Figure 8. The reference antiviral drug polyinosinic: polycytidylic acid (Poly I:C) 

structure is similar to dsRNA. 

 


