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ABSTRACT 
Emerging and re-emerging zoonotic viruses, including Nipah virus, Lassa 
virus, and rabies virus, represent a persistent and escalating threat to 
global public health, for which no broadly effective antiviral agents 
currently exist. Metadichol®, a nanoemulsion of long-chain alcohols 
(policosanol), has previously demonstrated significant in vitro efficacy 
against diverse viruses including severe acute respiratory syndrome 
coronavirus 2 and Ebola virus. In this study, we present new in vitro data 
showing that Metadichol potently inhibits Lassa, Nipah, and rabies virus 
entry using a novel alphavirus-based pseudovirus platform, with half-
maximal inhibitory concentration values of 831.7, 2455, and 2621 
ng/mL, respectively, and no significant cytotoxicity in human embryonic 
kidney 293T cells. 
We focus our mechanistic analysis on two core pathways that underpin 
this broad-spectrum activity. First, we describe the vitamin D receptor–
MYC–specificity protein 1–G1 to S phase transition 1 axis, in which 
Metadichol activates the vitamin D receptor, leading to MYC-mediated 
repression of specificity protein 1 and consequent downregulation of G1 
to S phase transition 1 (also known as eukaryotic release factor 3a), a 
translation termination factor recently validated as a druggable host 
dependency factor essential for the replication of Lassa, Ebola, and other 
viruses. Second, we examine Metadichol’s modulation of nuclear 
receptors—including neuron-derived orphan receptor 1, liver X receptor 
alpha, and peroxisome proliferator-activated receptor gamma—which 
suppress interferon regulatory factors and the interferon-beta promoter, 
thereby fine-tuning the innate immune response to prevent 
immunopathology while maintaining antiviral defense. 
Together, these two mechanisms—direct replication blockade via G1 to S 
phase transition 1 inhibition and immune optimization via nuclear receptor 
modulation—provide a mechanistic framework for Metadichol’s observed 
broad-spectrum efficacy. Given that Metadichol is commercially 
available and non-toxic (median lethal dose > 5000 mg/kg in rats), 
these findings support its further clinical investigation as a host-directed 
antiviral agent. 
Keywords: Nipah virus, rabies virus, Lassa virus, Metadichol, GSPT1, 
vitamin D receptor, host-directed antiviral, nuclear receptors, peroxisome 
proliferator-activated receptor gamma, liver X receptor, broad-spectrum 
antiviral 
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Abbreviations 
Abbreviation Definition 

4PL Four-parameter logistic model 

ABCA1 ATP-binding cassette transporter A1 

BMAL1 Brain and muscle ARNT-like 1 

BSL-4 Biosafety level 4 

eRF1/eRF3a Eukaryotic release factor 1 / 3a 

FOX Forkhead box transcription factor 
family 

FXR Farnesoid X receptor 

GDF11 Growth differentiation factor 11 

GSPT1 G1 to S phase transition 1 (also 
known as eRF3a) 

HCV Hepatitis C virus 

HDT Host-directed therapy 

HEK293T Human embryonic kidney 293T cells 

HIV Human immunodeficiency virus 

HNF4α Hepatocyte nuclear factor 4 alpha 

IC₅₀ Half-maximal inhibitory 
concentration 

IFN Interferon 

IFNβ Interferon beta 

IRF Interferon regulatory factor 

JEV Japanese encephalitis virus 

KLF Krüppel-like factor 

LasV Lassa virus 

LD₅₀ Median lethal dose 

LXR/LXRα Liver X receptor / liver X receptor 
alpha 

mTOR Mechanistic target of rapamycin 

MXD1 MAX dimerization protein 1 

NF-κB Nuclear factor kappa-light-chain-
enhancer of activated B cells 

NiV Nipah virus 

NOR1 
(NR4A3) 

Neuron-derived orphan receptor 1 

NR Nuclear receptor 

PAMP Pathogen-associated molecular 
pattern 

PPARα/PPARγ Peroxisome proliferator-activated 
receptor alpha / gamma 

RabV Rabies virus 

RdRp RNA-dependent RNA polymerase 

RFU Relative fluorescence units 

RLU Relative light units 

RXRα Retinoid X receptor alpha 

SARS-CoV-2 Severe acute respiratory syndrome 
coronavirus 2 

SIRT Sirtuin 

SP1 Specificity protein 1 

TLR Toll-like receptor 

VDR Vitamin D receptor 

 

Introduction 
Zoonotic viruses—those transmitted from animal 
reservoirs to humans—account for the majority of newly 
emerging infectious diseases and represent one of the 
most significant threats to global health security.1,2 The 
recent decades have witnessed repeated outbreaks 
caused by highly pathogenic zoonotic viruses, including 
Nipah virus, Lassa virus, Ebola virus, and coronaviruses, 
each with the potential to cause severe morbidity, high 

case fatality rates, and regional or global disruption.3,4 
The epidemiology of zoonotic viral diseases is shaped 
by complex interactions among animal reservoirs, 
environmental change, human encroachment on wildlife 
habitats, and global travel, which together create 
conditions favorable for cross-species transmission and 
pandemic emergence.5 A One Health approach 
integrating human, animal, and environmental 
surveillance is essential, but is insufficient without 
effective therapeutic countermeasures. 
 
Among the most concerning zoonotic pathogens are 
Nipah virus (NiV), Lassa virus, and rabies virus (RabV), 
all of which are associated with high morbidity and 
limited therapeutic options. Nipah virus, a 
paramyxovirus first recognized during a 1999 outbreak 
among pig farmers in Malaysia and Singapore,6,7 
causes encephalitis with case fatality rates estimated at 
40–75%.8 Transmission occurs via contact with infected 
animals (particularly bats and pigs), consumption of 
contaminated food, or direct human-to-human spread. 
Since its initial identification, NiV has caused nearly 
annual outbreaks in Bangladesh and India, and no 
approved vaccine or specific antiviral treatment exists, 
although monoclonal antibodies and remdesivir are 
under investigation.9,10 Lassa virus, an arenavirus 
endemic to West Africa, causes hemorrhagic fever in an 
estimated 100,000–300,000 individuals annually, with 
a case fatality rate of approximately 1% overall but 
up to 15% in hospitalized patients.11,12 Ribavirin has 
shown limited efficacy when administered early, but 
there are no approved vaccines, and new therapeutics 
are urgently needed.13,14 Rabies virus, a lyssavirus 
transmitted primarily through bites from infected 
mammals, causes fatal encephalitis in approximately 
59,000 people per year, predominantly in Asia and 
Africa.15,16 While pre- and post-exposure prophylaxis 
exists, the disease is virtually 100% fatal once clinical 
symptoms appear, and access to prophylaxis remains 
limited in endemic regions.17 

 
The development of effective antiviral therapies has 
historically focused on targeting viral proteins directly, 
an approach that, while successful for some pathogens 
(e.g., HIV protease inhibitors, hepatitis C NS5A/NS5B 
inhibitors), is inherently vulnerable to viral evolution and 
resistance.18,19 Because viruses are obligate intracellular 
parasites that depend on host cellular machinery for 
every stage of their replication cycle, a complementary 
and increasingly attractive strategy is to target host 
factors essential for viral propagation—so-called host-
directed therapies (HDTs).20–22 By targeting conserved 
host dependencies rather than mutable viral proteins, 
HDTs can in principle offer broad-spectrum activity 
against multiple virus families and present a higher 
barrier to resistance development. 
 
Metadichol® is a proprietary nanoemulsion of long-
chain alcohols (policosanol) that has emerged as a non-
toxic, broad-spectrum modulator of host cellular 
pathways.23 It has been shown to express all 48 known 
human nuclear receptors in both stem and somatic 
cells,24 and has demonstrated significant in vitro antiviral 
efficacy against a diverse panel of viruses including 
SARS-CoV-2, Ebola, and Zika.25,26 Previous studies have 
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demonstrated that Metadichol treatment induces high 
levels of endogenous vitamin C,27 upregulates sirtuins,28 
modulates Toll-like receptor expression,29,30 induces the 
anti-aging protein Klotho,31 regulates circadian clock 
transcription factors,32 targets Krüppel-like factors,33 
and downregulates mTOR.34 

 
In this study, we present new in vitro data demonstrating 
Metadichol’s potent inhibition of Nipah, Lassa, and 
rabies virus entry using a novel alphavirus-based 
pseudovirus platform. We then provide a focused 
mechanistic analysis centered on two core pathways: (1) 
the VDR-MYC-SP1-GSPT1 axis, through which 
Metadichol achieves direct viral replication blockade by 
downregulating a validated host dependency factor, 
and (2) nuclear receptor-mediated immune modulation 

via NOR1, LXRα, and PPARγ, which fine-tunes the innate 

immune response. By concentrating on these two deeply 
characterized mechanisms, we aim to provide a rigorous 
framework for understanding how a single agent can 
achieve broad-spectrum antiviral activity through host-
directed pathways. 
 

Materials and Methods 
All experimental work was outsourced on commercial 
terms to Virongy Bioscience (Manassas, VA 20109, 
United States)35 to eliminate potential bias in reported 
results. 
 
PSEUDOVIRUS NEUTRALIZATION SCREENING 
Screening of Metadichol for neutralization activity was 
performed using a proprietary HA pseudovirus system. 
Cytotoxicity was assessed in HEK293T cells. This process 
was performed on a newly developed proprietary 
alphavirus-based pseudovirus platform for rapid 
screening of viral entry inhibitors and neutralizing 
antibodies.36 

 
Reagent Lots 
HA-RabV: Batch # 111523; HA-LasV: Batch # 041423; 
HA-NiV: Batch # 091223; Cell Lysis Buffer: Batch # 
01022024; D-Luciferin Substrate: Batch # 010224; 
HEK293T Ready-To-Use Cells: Batch # 0102024; 
Firefly Luciferase Assay Buffer Solution: Batch # 
111323; Resazurin Cell Viability Assay Kit: Lot # 
23R0426. 
 
Procedure 
Metadichol was diluted to achieve assay concentrations 
of 100 µg/mL (100,000 ng/mL), 50 µg/mL, 25 µg/mL, 
12.5 µg/mL, 6.25 µg/mL, 3.125 µg/mL, 1.5625 
µg/mL, and 0.78125 µg/mL using the 5 mg/mL stock 
solution through 1:2 serial dilution. The assay was run 
using 15 µL of each Metadichol dilution, 15 µL of 

HEK293T cells (3333 cells/µL), and 45 µL of HA-RabV, 
HA-LasV, or HA-NiV pseudovirus. Plates were incubated 
for 16 hours after infection. After incubation, cells were 
lysed with 7.5 µL of 10X lysis buffer and orbital shaking 
(300 cycles per minute, 10 seconds, linear). 
Luminescence was measured by adding 25 µL of D-
luciferin substrate to each well with 0.3 second 
integration time using the Promega GloMax plate 
reader. All pseudovirus screening assays were 
performed concurrently with single reagent lots on 
January 12, 2024. 

 
The cytotoxicity screen was performed using the 
Resazurin Cell Viability Assay Kit (AlamarBlue™) from 
Biotium at each of the Metadichol concentrations. In the 
cytotoxicity screen, 15 µL of HEK293T cells (3333 
cells/µL) were added to each well along with 45 µL of 
media and 15 µL of Metadichol dilution. After 
incubating for 16 hours, 7.5 µL of Resazurin solution was 
added per the manufacturer’s recommendations. This 
was incubated for 1 hour before reading fluorescence 
using the 520 nm excitation filter and the 580–640 nm 
emission filter. 

 
Data Analysis 
Percent infection was calculated by subtracting 
background luminescence (cells only, average = 130 
RLU) from sample values and normalizing to the 
infection control (no Metadichol). Non-linear regression 
analysis was performed using a four-parameter logistic 
model (4PL) with the top constrained to 100% and 
baseline constrained to >0. IC50 values were 
determined from the fitted curves. All assays were 
performed in triplicate, and data are presented as 
mean ± standard deviation where applicable. 

 

Results 
Metadichol was tested against all three zoonotic viruses 
using the alphavirus-based pseudovirus platform. 
Metadichol demonstrated potent, dose-dependent 
inhibition of all three viruses tested. 

 
CYTOTOXICITY ASSESSMENT 
Prior to evaluating antiviral activity, cytotoxicity of 
Metadichol was assessed in HEK293T cells using the 
Resazurin cell viability assay. As shown in Figure 1 and 
Table 1, Metadichol demonstrated no significant 
cytotoxicity across the tested concentration range 
(781.25–100,000 ng/mL). Cell viability remained 
above 80% at all concentrations tested. The positive 
control (cells + media) demonstrated robust viability. 
These results confirm that the antiviral effects observed 
are not attributable to compound-induced cytotoxicity. 
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Figure 1. Cytotoxicity profile of Metadichol in HEK293T cells. 

 
Cell viability versus Metadichol concentration. HEK293T cell viability was assessed using the Resazurin assay after 16-hour 
incubation with Metadichol at concentrations ranging from 781.25 to 100,000 ng/mL. 
The raw fluorescence data underlying the cytotoxicity assessment are presented in Table 1. All three biological 
replicates showed consistent viability across the concentration range. 
 
Table 1. Cytotoxicity Assessment: Raw Fluorescence Data (Relative Fluorescence Units) 

Concentration (ng/mL) Replicate 1 Replicate 2 Replicate 3 Mean ± SD 

781.25 43,912 46,181 40,472 43,522 ± 2,871 

1,562.5 42,815 46,345 34,376 41,179 ± 6,140 

3,125 39,490 40,297 32,898 37,562 ± 4,069 

6,250 31,671 34,310 23,528 29,836 ± 5,586 

12,500 29,679 32,571 25,877 29,376 ± 3,356 

25,000 26,563 26,912 22,362 25,279 ± 2,522 

50,000 20,529 20,517 13,477 18,174 ± 4,066 

100,000 12,208 11,453 10,429 11,363 ± 895 

Cells Only 
(Background) 

3,325 3,202 3,122 3,216 ± 102 

Positive Control 55,565 44,293 43,795 47,884 ± 6,660 

Fluorescence measured using 520 nm excitation / 580–640 nm emission filters. 
 
PSEUDOVIRUS NEUTRALIZATION: RAW LUMINESCENCE 
DATA 
Table 2 presents the raw luminescence data (relative 
light units, RLU) from the pseudovirus neutralization 
assay for all three viruses. Each virus was tested in 
triplicate. Infection controls demonstrated robust 

infection with luminescence values of 458,100–518,300 
RLU for Lassa virus, 143,800–184,300 RLU for Nipah 
virus, and 2,550–4,181 RLU for rabies virus. 
Background luminescence (cells only) averaged 130 
RLU. 
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Table 2. Raw Luminescence Data (Relative Light Units) for Pseudovirus Neutralization Assay 

Conc. 
(ng/mL) 

LasV Rep 
1 

LasV Rep 
2 

LasV Rep 
3 

NiV Rep 
1 

NiV Rep 
2 

NiV Rep 
3 

RabV 
Rep 1 

RabV 
Rep 2 

RabV 
Rep 3 

781.25 247,700 263,600 196,300 124,000 134,200 153,500 2,850 4,591 3,181 

1,562.5 196,100 164,600 154,500 114,800 106,400 121,900 2,320 2,590 2,000 

3,125 106,600 96,790 75,100 64,950 68,570 83,140 2,060 1,650 1,470 

6,250 26,130 21,940 16,970 25,840 24,830 27,510 1,350 1,340 1,780 

12,500 3,761 3,701 3,491 8,824 8,234 7,833 1,090 960 990 

25,000 1,770 1,960 2,010 5,822 5,472 5,342 880 770 780 

50,000 1,230 1,370 1,320 3,961 4,101 3,761 590 610 670 

100,000 1,450 850 840 2,840 2,750 2,520 390 330 400 

LasV = Lassa virus; NiV = Nipah virus; RabV = rabies virus. 
 
The infection controls and background values used for normalization are detailed in Table 3. The background 
luminescence (130 RLU) was subtracted from all sample values prior to calculating percent infection. 
 
Table 3. Infection Controls and Background Values (Relative Light Units) 

Control Replicate 1 Replicate 2 Replicate 3 Average 

Lassa Virus Infection Control 458,100 418,400 518,300 464,933 

Nipah Virus Infection Control 167,800 143,800 184,300 165,300 

Rabies Virus Infection Control 4,181 3,961 2,550 3,564 

Cells Only (Background) 140 120 120 130 

 
DOSE-RESPONSE ANALYSIS 
Table 4 presents the calculated percent infection values 
for each virus at each Metadichol concentration, 
normalized to the respective infection control (100%). 

All three viruses showed dose-dependent inhibition, with 
Lassa virus showing the most dramatic reduction (to 
0.20% at the highest concentration), followed by Nipah 
virus (1.56%) and rabies virus (6.83%). 

 
Table 4. Percent Infection at Each Metadichol Concentration 

Metadichol (ng/mL) Lassa Virus (%) Nipah Virus (%) Rabies Virus (%) 

0 (Control) 100.00 100.00 100.00 

781.25 50.70 82.94 95.70 

1,562.5 36.91 69.11 60.98 

3,125 19.94 43.61 44.80 

6,250 4.64 15.69 38.16 

12,500 0.76 4.94 24.79 

25,000 0.38 3.28 19.08 

50,000 0.25 2.31 13.84 

100,000 0.20 1.56 6.83 

Values represent mean percent infection normalized to infection control (no Metadichol = 100%). 
 
LASSA VIRUS NEUTRALIZATION 
Metadichol demonstrated the most potent inhibition 
against Lassa virus pseudovirus, with an IC50 of 831.7 
ng/mL (0.83 µg/mL). Non-linear regression analysis 
revealed excellent curve fitting (R² = 0.9954), 
indicating highly reproducible dose-response behavior. 

The Hill slope of −1.123 suggests a classical single-site 
binding model. At the highest concentration tested 
(100,000 ng/mL), Lassa virus infection was reduced to 
0.20% of control, representing >99.8% inhibition (Table 
5, Figure 2). 
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Table 5. Non-Linear Regression Analysis: Lassa Virus 

Parameter Value 

Model 4-Parameter Logistic (Absolute IC50) 

X-axis Log10(concentration ng/mL) 

Top (constrained) 100.0% 

Bottom −2.081% 

LogAbsolute IC50 2.920 

HillSlope −1.123 

Absolute IC50 831.7 ng/mL (0.83 µg/mL) 

R² 0.9954 

Sum of Squares 42.34 

Sy.x 2.910 

Degrees of Freedom 5 

# of X values analyzed 9 

Maximal Inhibition (100 µg/mL) >99.8% 

 
The corresponding dose-response curve for Lassa virus neutralization is shown in Figure 2, illustrating the steep decline 
in infection across a narrow concentration range. 
 
Figure 2. Lassa virus neutralization by Metadichol. 

 
Dose-response curve for Metadichol neutralization of Lassa virus pseudovirus. IC50 = 831.7 ng/mL; R² = 0.9954. 
 
NIPAH VIRUS NEUTRALIZATION 
Metadichol effectively neutralized Nipah virus 
pseudovirus with an IC50 of 2,455 ng/mL (2.46 µg/mL). 
The dose-response curve demonstrated the highest R² 
value (0.9969) among the three viruses tested. The Hill 

slope of −1.622 is steeper than that of Lassa virus, 
suggesting more cooperative binding kinetics. At the 
highest concentration, Nipah virus infection was reduced 
to 1.56%, representing >98% inhibition (Table 6, 
Figure 3). 
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Table 6. Non-Linear Regression Analysis: Nipah Virus 

Parameter Value 

Model 4-Parameter Logistic (Absolute IC50) 

X-axis Log10(concentration ng/mL) 

Top (constrained) 100.0% 

Bottom 0.3874% 

LogAbsolute IC50 3.390 

HillSlope −1.622 

Absolute IC50 2,455 ng/mL (2.46 µg/mL) 

R² 0.9969 

Sum of Squares 38.16 

Sy.x 2.763 

Degrees of Freedom 5 

# of X values analyzed 9 

Maximal Inhibition (100 µg/mL) >98% 

 
The dose-response curve for Nipah virus (Figure 3) confirms the sharp transition from partial to near-complete inhibition 
characteristic of cooperative binding kinetics. 
 
Figure 3. Nipah virus neutralization by Metadichol. 

 
Dose-response curve for Metadichol neutralization of Nipah virus pseudovirus. IC50 = 2,455 ng/mL; R² = 0.9969. 
 
RABIES VIRUS NEUTRALIZATION 
Metadichol inhibited rabies virus pseudovirus entry with 
an IC50 of 2,621 ng/mL (2.62 µg/mL). The curve fit (R² 
= 0.9673) was good, though slightly lower than the 
other two viruses, likely due to the higher residual 

infection at plateau (Table 7, Figure 4). The bottom 
plateau of 11.80% indicates that approximately 88% 
maximal inhibition was achieved. The Hill slope of 

−1.277 is intermediate between Lassa and Nipah 
viruses. 
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Table 7. Non-Linear Regression Analysis: Rabies Virus 

Parameter Value 

Model 4-Parameter Logistic (Absolute IC50) 

X-axis Log10(concentration ng/mL) 

Top (constrained) 100.0% 

Bottom 11.80% 

LogAbsolute IC50 3.419 

HillSlope −1.277 

Absolute IC50 2,621 ng/mL (2.62 µg/mL) 

R² 0.9673 

Sum of Squares 307.4 

Sy.x 7.841 

Degrees of Freedom 5 

# of X values analyzed 9 

Maximal Inhibition (100 µg/mL) ~93% 

 
Figure 4 presents the dose-response curve for rabies virus, showing the characteristic higher bottom plateau reflecting 
residual infection at maximal concentrations. 
 
Figure 4. Rabies virus neutralization by Metadichol. 

 
Dose-response curve for Metadichol neutralization of rabies virus pseudovirus. IC50 = 2,621 ng/mL; R² = 0.9673. 
 
COMPARATIVE ANALYSIS AND SUMMARY 
Table 8 provides a comparative summary of 
Metadichol’s antiviral activity against all three zoonotic 
viruses. Lassa virus was the most sensitive (IC50 = 831.7 

ng/mL), followed by Nipah virus (IC50 = 2,455 ng/mL) 
and rabies virus (IC50 = 2,621 ng/mL). All three viruses 
showed excellent dose-response characteristics with R² 
values >0.96.

 
Table 8. Comparative Summary of Metadichol Antiviral Activity 

Virus IC50 (ng/mL) IC50 (µg/mL) R² Max Inhibition 

Lassa virus 831.7 0.83 0.9954 >99.8% 

Nipah virus 2,455 2.46 0.9969 >98% 

Rabies virus 2,621 2.62 0.9673 ~93% 

IC50 values determined by 4-parameter logistic regression. Max inhibition measured at 100,000 ng/mL. 
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These results demonstrate that Metadichol is a potent 
inhibitor of viral entry for all three zoonotic viruses 
tested. The IC50 values are in the low µg/mL range, 
which is pharmacologically relevant. The excellent R² 
values indicate reproducible, dose-dependent inhibition 
characteristic of specific antiviral activity. The lack of 
cytotoxicity at effective concentrations further supports 
the potential therapeutic utility of Metadichol as a 
broad-spectrum antiviral agent. 
 

Discussion 
The potent, dose-dependent inhibition of three 
phylogenetically diverse zoonotic viruses by Metadichol, 
demonstrated in this study, is consistent with a host-
directed mechanism of action rather than direct viral 
targeting. The IC50 values in the low µg/mL range, 
combined with the absence of cytotoxicity, are 
pharmacologically meaningful and comparable to 
values reported for other host-directed antivirals under 
development. Below, we discuss the two core mechanistic 
pathways that we propose as the primary drivers of 
Metadichol’s antiviral efficacy. 
 
THE VITAMIN D RECEPTOR–MYC–SP1–GSPT1 AXIS: A 
DIRECT REPLICATION BLOCKADE 
A central mechanism of Metadichol’s broad-spectrum 
antiviral action is the inhibition of GSPT1 (eRF3a), a 
cellular protein essential for translation termination 
whose activity is exploited by diverse RNA viruses for 
efficient protein synthesis.37,38 We propose that 
Metadichol achieves GSPT1 downregulation through a 
well-characterized signaling cascade initiated by its 
binding to the VDR.39 

 
The cascade proceeds as follows. Metadichol activates 
VDR, which functions as a master regulator of the c-
MYC/MXD1 transcriptional network. Salehi-Tabar et al. 
showed that VDR directly represses c-MYC transcription 
while simultaneously activating MXD1, thereby shifting 
the balance toward transcriptional repression of MYC 
target genes.40 Among the well-characterized targets of 
c-MYC-mediated repression is the transcription factor 
SP1. Gartel et al. demonstrated that MYC represses 
SP1-dependent promoters by direct protein-protein 
interaction at promoter sites.41 SP1, in turn, is a critical 
transcriptional activator of GSPT1: studies have 
established that SP1 binds to the GSPT1 promoter and 
drives its transcription, and that disruption of SP1 
activity leads to significant downregulation of GSPT1 

expression.42,43 Thus, VDR activation → c-MYC control 

→ SP1 repression → GSPT1 downregulation constitutes 

a coherent molecular pathway through which Metadichol 
can achieve broad-spectrum viral replication blockade. 
 
The validity of GSPT1 as an antiviral target is now 
firmly established. Fang et al. used proximity proteomics 
to demonstrate that the Lassa virus RdRp physically 
interacts with GSPT1, and that pharmacological 
degradation of GSPT1 using CC-90009 reduced Lassa 
virus replication by >90% in human cells.44 The same 
group identified GSPT1 in the Ebola virus polymerase 
interactome, demonstrating conserved dependency 
across filovirus and arenavirus families.45 Zhao et al. 
extended these findings by showing that targeted 
protein degradation of GSPT1 broadly inhibits multiple 
RNA viruses while preserving host cell viability.46 Most 
recently, He et al. demonstrated that CC-90009 
exhibits in vivo antiviral efficacy against JEV via dual 
degradation of GSPT1 and the viral NS5 protein.47 

 
The relevance of this pathway to the three viruses tested 
in our study merits further consideration. Lassa virus has 
been directly shown to depend on GSPT1 for efficient 
replication.44 For Nipah virus and rabies virus, while 
direct GSPT1 interaction data are not yet available, 
both are RNA viruses that depend entirely on the host 
translational machinery. Given that GSPT1 depletion 
broadly affects multiple RNA virus families,46 it is 
plausible that the same mechanism accounts for 
Metadichol’s inhibition of Nipah and rabies virus entry. 
The observation that Lassa virus (for which GSPT1 
dependency is directly proven) showed the most potent 
IC50 (831.7 ng/mL) is consistent with a predominant role 
for GSPT1 inhibition in Metadichol’s antiviral mechanism. 
 
NUCLEAR RECEPTOR-MEDIATED IMMUNE 
MODULATION: FINE-TUNING THE ANTIVIRAL 
RESPONSE 
Nuclear receptors constitute a superfamily of 48 ligand-
activated transcription factors that regulate gene 
expression programs governing metabolism, 
inflammation, immunity, and cell differentiation.48 Their 
role in viral infection is increasingly appreciated; for 
example, hepatitis C virus hijacks the nuclear receptor 

HNF4α to reprogram host metabolism.49 Beyond direct 

replication blockade, Metadichol orchestrates a 
sophisticated modulation of the host innate immune 
response through differential induction of nuclear 

receptors, particularly NOR1 (NR4A3) and LXRα. Gene 

expression analysis of human fibroblasts treated with 
Metadichol demonstrates significant upregulation of 

both NOR1 and LXRα, along with PPARγ (Table 9). 

 
Table 9. Fold Increases in Nuclear Receptor Expression in Fibroblasts after Treatment with Metadichol 

Receptor 1 pg 100 pg 1 ng 100 ng Control 

LXR alpha 1.63 1.79 3.84 0.71 1 

NOR1 2.14 0.72 1.48 1.59 1 

PPARG 3.78 6.11 7.31 3.07 1 

Data from human fibroblast gene expression analysis 
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The functional significance of NOR1 and LXRα induction 

in the context of viral infection has been directly 
demonstrated. Choi et al. showed that virus-stimulated 
dendritic cells exhibit marked upregulation of NOR1 

and LXRα at both mRNA and protein levels, and that 

these nuclear receptors directly repress IRF3- and IRF7-

induced transcriptional activity at the IFNβ promoter.50 

This suppressive activity on the interferon regulatory 
cascade may initially appear counterintuitive. However, 
the type I interferon response is a double-edged sword: 
while essential for initial viral containment, excessive or 
prolonged interferon signaling drives the 
immunopathology—including cytokine storm and tissue 
destruction—that is responsible for much of the 
morbidity and mortality in severe viral infections, 
particularly with Nipah and Lassa viruses.51,52 By 
modulating rather than simply amplifying the interferon 

response, NOR1 and LXRα induction by Metadichol may 

help maintain effective antiviral immunity while 
preventing the inflammatory damage that causes severe 
disease. 
 
Independent evidence supports the antiviral role of LXR 
activation. Cui et al. demonstrated that LXR stimulation 
has potent anti-HIV effects in a humanized mouse 
model, mediated through induction of ABCA1, which 
alters cholesterol trafficking in lipid rafts required for 
viral entry.53,54 Pereira-Montecinos et al. showed that 
the LXR agonist LXR 623 restricts flavivirus replication 
by modulating host lipid metabolism.55 Sierra et al. 
identified the LXR/RXR pathway as a protective factor 
against dengue hemorrhagic fever in a population-level 
genetic study.56 These diverse findings converge on the 
conclusion that LXR activation restricts viral infection 
through multiple mechanisms, all of which are engaged 

by Metadichol’s induction of LXRα expression. 

 

PPARγ, which shows the most robust induction by 

Metadichol (up to 7.31-fold at 1 ng; Table 9), 
contributes to immune modulation through its well-
characterized anti-inflammatory actions, including 

SUMOylation-dependent transrepression of NF-κB and 

AP-1 target genes,57 and modulation of translation 
through interactions with components of the protein 

synthesis machinery.58 PPARγ activation can thus 

reinforce GSPT1 suppression through a complementary, 
VDR-independent pathway, providing mechanistic 
redundancy that may contribute to Metadichol’s 
consistent broad-spectrum activity. Nuclear receptors 
also control pro-viral and antiviral metabolic responses, 

as demonstrated in HCV infection where PPARα and FXR 

activation shifts metabolism away from the glycolytic 
state preferred by replicating viruses.59 By 

simultaneously inducing PPARγ, LXRα, and NOR1, 

Metadichol creates a coordinated nuclear receptor 
program that restricts viral replication at the metabolic 
level while optimizing the immune response. 
 
ADDITIONAL CONTRIBUTING PATHWAYS 
While the VDR-GSPT1 axis and nuclear receptor-
mediated immune modulation represent the core 
mechanisms we propose for Metadichol’s antiviral 
activity, Metadichol has been shown in previous studies 
to modulate additional host pathways with known 
antiviral relevance, including endogenous vitamin C 
production,27 sirtuins,28 Toll-like receptors,29,30 the anti-
aging protein Klotho,31 circadian clock genes,32 Krüppel-
like factors,33 and mTOR.34 The integration of these 
multiple pathways likely contributes to the redundancy 
and robustness of Metadichol’s antiviral effect, but 
detailed analysis of each is beyond the scope of this 
study and has been addressed in our prior publications. 
 
Figures 5 provides schematic overviews of the 
postulated multi-target antiviral mechanisms of 
Metadichol, illustrating how the core pathways discussed 
above integrate with the additional contributing factors 
to create a comprehensive host defense program. 
 
Figure 6 shows the breadth of Metadichol’s antiviral 
activity extends across multiple virus families, which 
consolidates the evidence for nuclear receptor-mediated 
antiviral effects, Toll-like receptor signaling, sirtuin 
activation, and the roles of Klotho, GDF11, and mTOR in 
viral inhibition. 
 
Figure 7 summarizes the summary of various viruses 
inhibited by Metadichol. 
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Figure 5. Postulated mechanism of Metadichol’s broad-spectrum antiviral activity. 

 
This schematic illustrates the convergence of multiple Metadichol-regulated pathways in creating a multi-layered antiviral 
defense. 
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Figure 6. Metadichol’s antiviral activity against diverse viral families. 

 
Comprehensive schematic illustrating the broad-spectrum antiviral activity of Metadichol and the diverse host pathways 
involved in viral inhibition across multiple virus families. 
 
Figure 7 summarizes the synergistic interactions between Metadichol-regulated pathways, emphasizing how the 
simultaneous engagement of multiple defense mechanisms creates a redundant and robust antiviral state. 
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Figure 7. Summary of the synergistic antiviral mechanisms of Metadichol. 

 
Overview of the synergistic multi-target antiviral strategy of Metadichol. 
 

Limitations and Future Directions 
Several limitations of this study should be 
acknowledged. First, the pseudovirus platform measures 
viral entry inhibition rather than complete replication 
cycle suppression; studies using replication-competent 
viruses under BSL-4 containment are needed to confirm 
efficacy across the full viral lifecycle. Second, the 
mechanistic analysis presented here is based on 
integration of published gene expression data rather 
than direct demonstration of GSPT1 pathway 
suppression in the current antiviral assays. Future studies 
should directly measure GSPT1 protein levels and SP1 
activity in Metadichol-treated cells during viral infection. 
Third, while in vitro IC50 values are pharmacologically 
relevant, translation to in vivo efficacy requires 
pharmacokinetic studies. The favorable safety profile of 
Metadichol (LD50 > 5000 mg/kg in rats60–62) and its 
commercial availability support the feasibility of clinical 
investigation. 
 

Conclusions 
This study demonstrates that Metadichol® is a potent 
inhibitor of viral entry for three dangerous zoonotic 
viruses: Lassa virus (IC50 = 831.7 ng/mL, >99.8% 
maximal inhibition), Nipah virus (IC50 = 2,455 ng/mL, 
>98% maximal inhibition), and rabies virus (IC50 = 
2,621 ng/mL, ~93% maximal inhibition). The excellent 
dose-response characteristics (R² values of 0.9673–
0.9969) and absence of cytotoxicity support specific 
antiviral activity. 
 

We propose that two core host-directed mechanisms 
underpin this broad-spectrum efficacy. The VDR-MYC-
SP1-GSPT1 axis provides a direct replication blockade 
by downregulating a translation termination factor now 
validated as a critical host dependency for multiple 
RNA viruses. Simultaneously, nuclear receptor 

modulation via NOR1, LXRα, and PPARγ fine-tunes the 

innate immune response, restricting viral propagation 
through metabolic reprogramming and preventing the 
immunopathology that drives severe disease. Combined 
with its previously demonstrated activity against SARS-
CoV-2, Ebola, and Zika,25,26 and its favorable safety 
profile, Metadichol warrants further clinical investigation 
as a host-directed, broad-spectrum antiviral agent. 
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