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Abstract: Amyotrophic lateral sclerosis (ALS) is a multifactorial neurodegenerative disease characterized by the
involvement of multiple interconnected pathways and mechanisms. The complexity of its pathophysiology is
reflected in the diverse hypotheses surrounding its underlying causes and progression. Given this intricate in-
terplay of processes, a combination therapy approach offers a promising strategy to target multiple pathways
simultaneously. Combination therapies have demonstrated significant success in treating complex diseases such
as cancer, Parkinson’s disease, epilepsy, and acquired immunodeficiency syndrome (AIDS), where they aim to
achieve synergistic therapeutic effects, reduce drug dosage and associated toxicity, and minimize or delay the
development of drug resistance. This approach holds similar potential for ALS, offering a means to address its
multifaceted nature more effectively. PrimeC is a novel formulation composed of unique doses of ciprofloxacin
and celecoxib. It aims to synergistically inhibit the progression of ALS by addressing key elements of its patho-
physiology. The efficacy of PrimeC was compared to its individual active components, celecoxib and ciproflox-
acin, and its ability to improve the drug concentration profile and mode of action were assessed. The efficacy of
the PrimeC combination was assessed in induced pluripotent stem cell (iPSC)-derived motor neurons that model
ALS. Motor neurons treated with the PrimeC combination exhibited higher survival rates than those treated
with the individual compounds. These results were reinforced by a drug concentration profiling study in rodents
showing that the combination of celecoxib and ciprofloxacin had a synergistic effect, as the addition of celecoxib
increased the concentration of ciprofloxacin in the brain tissue and serum of rodents. In summary, our data
suggests that combination therapy can be a beneficial approach for treating ALS. PrimeC has the potential to be
used for the treatment of ALS, based on the positive results obtained from our studies.

Keywords: amyotrophic lateral sclerosis; combination therapy; iPSCs; in vivo; in vitro; preclinical; synergism;
mechanism of action

1. Introduction

Amyotrophic lateral sclerosis (ALS) is a severe neurodegenerative disorder characterized by the
progressive deterioration of motor neurons, resulting in muscle paralysis and eventual death within
2-5 years from onset [1]. The exact pathogenesis of ALS is not fully understood and involves various
pathophysiological pathways, including neuroinflammation [2], iron accumulation [3], and mi-
croRNA (miRNA) dysregulation [4], among others. The multifaceted nature of ALS and the absence
of a clearly defined mechanism suggest that a combination of pathways contributes to neurodegen-
eration in ALS, necessitating a multi-targeted therapeutic approach.

PrimeC is a novel formulation composed of unique doses of ciprofloxacin and celecoxib, aiming
to synergistically inhibit the progression of ALS by addressing key elements of its pathophysiology,
namely miRNA dysregulation, neuroinflammation and iron accumulation.

Ciprofloxacin, a fluoroquinolone antibiotic, has demonstrated binding to the RNA-binding pro-
tein TRBP, facilitating its association with the RISC-loading complex and regulating miRNA
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processing [5]. Imbalances in these processes are observed in ALS and other neurodegenerative dis-
eases [6]. Ciprofloxacin also functions as an iron chelator [7], with various examples of iron chelators
reducing brain iron stores and exhibiting neuroprotective effects in neurodegenerative diseases [8].

Celecoxib, a non-steroidal anti-inflammatory drug (NSAID), is known for its selective COX-2
inhibition, complemented by COX-2-independent mechanisms contributing to its anti-inflammatory
action [9].

Preclinical studies combining celecoxib with ciprofloxacin showed a synergistic effect in
zebrafish ALS models, with benefits to motor function as well as to central nervous system (CNS) cell
morphology [10].

In a Phase Ila clinical study aimed to assess PrimeC’s potential beneficial effects, results showed
safety and tolerability in people living with ALS (PALS) [11]. The study also demonstrated, via rele-
vant biomarkers (e.g., TDP-43, PgJ2 and LC3), a promising biological effect for the combination on
mitigating disease progression. A subsequent Phase IIb clinical trial aiming to evaluate the safety,
tolerability, and efficacy of PrimeC in PALS through a randomized, placebo-controlled, double-blind
study (PARADIGM; NCT05357950), demonstrated consistently positive effects across all clinical out-
comes (ALSFRS-R total score and sub-domains, SVC, etc.), with a favorable safety and tolerability
profile. PrimeC treatment slowed disease progression, trended towards an improved survival,
demonstrated beneficial regulation of miRNA, and effectively modulated iron metabolism, as ob-
served by regulation of transferrin and ferritin (unpublished data).

Combination therapy is most widely used in treating the most dreadful diseases, such as cancer,
Parkinson’s disease, epilepsy and acquired immunodeficiency syndrome (AIDS), and is gaining
widespread recognition by scientists and clinicians as a novel therapeutic approach. By combining
two FDA approved drugs, we aim to achieve synergistic therapeutic effects, dose and toxicity reduc-
tions, and to thereby minimize or delay the induction of drug resistance.

To assess the synergistic effect of the PrimeC combination, two preclinical studies were con-
ducted: (1) an in vitro study aimed to examine the synergistic effect of the PrimeC combination com-
pared to each compound (ciprofloxacin and celecoxib) alone using human induced pluripotent stem
cell (iPSC)-derived motor neurons (MNs) with ALS pathology (C90rf72); (2) drug concentration pro-
filing in a C57BL mouse strain.

These findings, together with the proposed mechanistic framework and the preclinical evidence
presented, underscore the potential of PrimeC as a novel combination therapy for neurodegenerative
diseases, particularly ALS. This integrated approach sets the stage for advancing PrimeC as an inno-
vative therapeutic strategy in this field.

2. Results

2.1. Elucidating The Neurotherapeutic Effects of the PrimeC Combination Relative to Single Agents
Utilizing an iPSC Assay

Upon conducting the initial viability analysis for the entire 16-day period, a substantial drop in
the quantity of survived cells from healthy control treatment conditions was observed between days
14 and 16. This trend could indicate a senescence effect not related to treatment effects, but rather to
the cells’ tendency to simply degenerate under normal in vitro culture conditions such as this one. In
order to ensure equitable comparisons with the rest of the experimental conditions, we referred to
the number of induced motor neurons (iMNs) on day 16 as an outlier in all of the analyses. Thus, the
different cell survival rate comparisons were conducted for a 14-day range, excluding day 16.

As expected, survival analysis comparing the non-treatment control conditions, conveyed a sig-
nificantly better survival rate for the healthy control iMNs compared to ALS patient-derived iMNs
treated with the dimethyl sulfoxide (DMSO) vehicle dose (Hazard ratio=0.5, p < 0.001). The median
survival time of DMSO-treated healthy control iPSCs was significantly longer than DMSO-treated
ALS iPSCs median survival time (12 days vs. 8 days, p < 0.001; see Figures 1D & 1F). These results
establish that ALS-patient derived iMNs do indeed exhibit the expected characteristic of increased
neurodegeneration compared to iMNs derived from neurologically healthy controls.

The survival rate of ALS iMNs treated with the ciprofloxacin + celecoxib combination was sig-
nificantly higher than ALS vehicle-treated iMNs (Hazard ratio = 0.46, p <0.001). The median survival
of PrimeC combination-treated iMNs was higher than the median survival of DMSO vehicle-treated
cells (12 days vs. 8 days; p < 0.001; see Figure 1D-F).
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The survival rate of iMNs treated with the ciprofloxacin + celecoxib combination was signifi-
cantly higher than iMNs treated with ciprofloxacin alone (Hazard ratio = 0.63, p <0.001). The median
survival time for PrimeC combination-treated iPSCs was 12 days, which was significantly longer than
ciprofloxacin-treated iPSCs” median survival (8 days; p < 0.001; see Figures 1D-F). The survival rate
of iMNss treated with the ciprofloxacin + celecoxib combination was significantly higher than those
treated with celecoxib alone (Hazard ratio = 0.51, p < 0.001). The median survival time for PrimeC
combination-treated iPSCs was also significantly longer than celecoxib-treated iPSCs (12 days vs. 8
days; p <0.001; see Figures 1D-F).

Moreover, the survival rate of iMNs treated with the ciprofloxacin + celecoxib combination
slightly surpassed the healthy controls (Hazard ratio = 1.19, p = 0.013). PrimeC-treated cells survived
slightly longer than DMSO-treated healthy control iPSCs (see Figures 1D-F).
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Figure 1. (A) Method scheme for derivation of donor specific stem cells (iPSCs). ALS patients’ blood samples
were obtained from the NINDS repository. (B) Schematic diagram of the development of iPSC-derived induced
motor neurons (iMNs) with ALS pathophysiology and longitudinal tracking of neuronal survival rate. (C) Study
Design. iPSCs from ALS patients were treated with one of the indicated compounds, or with a DMSO vehicle
control. Cell survival (cell count) was measured over 16 days. (D) Number of tracked cells measured per treat-
ment condition. Starting at day 0 with 300 iMNs per treatment condition, cell survival was measured every other
day until day 16 under each condition. (E) Comparison of overall iMN survival between different treatment
conditions. (F) The PrimeC combination treatment compared to different monotherapies and healthy controls.
As depicted in these Kaplan-Meier curves, the cells treated with the PrimeC combination survived as well as
healthy control iPSCs, and significantly longer than vehicle-treated ALS cells, and iPSC-induced MNs treated
with each of PrimeC’s comprising compounds alone. *p <0.0125 | **p <0.0025 | ***p < 0.00025.

2.2. Evaluating the Improved Drug Concentration Profiling of the PrimeC Combination Relative to Single
Active Drug Administration in Mice

The drug concentration profile of the PrimeC combination in C57BL mice brain and serum was
tested following acute single dose per os (PO) administration. The drug concentration profile of
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ciprofloxacin alone was compared to the drug concentration profile of the combination compound of
PrimeC.

Ciprofloxacin concentrations in brain and serum following PO administration were quantifiable
in all sampling time points. The time at which the maximum mean concentration of ciprofloxacin
occurred (Tmax) following PO administration is 0.5 hours in both the brain and the serum in all treat-
ment groups. The ciprofloxacin brain and serum concentrations declined in a log-linear manner start-
ing at approximately 0.5 hours post dose. For the ciprofloxacin-treated group, terminal half-life (ti2)
of ciprofloxacin was calculated as 1.6 and 1.4 hours in the brain and serum, respectively. For the
PrimeC combination group, terminal half-life (t12) of ciprofloxacin was calculated as 1.2 and 1.3 hours
in the brain and serum, respectively.

Cmax values showed a 30% increase of ciprofloxacin in brains of the PrimeC combination-treated
group (Cmax=27.8 ng/mL) compared to the ciprofloxacin-treated group (Cmax=21.5ng/mL). In serum,
Cmax values showed a 20% increase of ciprofloxacin for the PrimeC combination-treated group (Cmax
=1239.4 ng/mL) compared to the ciprofloxacin-treated group (Cmax=1012.3 ng/mL; see Figure 2E).

AUCo6h values showed a 108% increase of ciprofloxacin in brains of the PrimeC combination-
treated group (AUCo-en=80.27 ng*h/mL) compared to the ciprofloxacin-treated group (AUCo-sn=238.69
ng*h/mL; 95% CI [-10.97, -2.563], p < 0.001; see Figures 2E-F). In serum, AUCosh values showed a
similar 113% increase of ciprofloxacin for the PrimeC combination-treated group (AUCo-6n= 3490
ng*h/mL) compared to the ciprofloxacin-treated group (AUCo-sh= 1637 ng*h/mL; 95% CI [-419.2, -
140.5], p <0.001; see Figures 2E & 2G).

Ciprofloxacin concentration levels displayed a significant difference throughout the duration of
the study between the PrimeC combination-treated group and the ciprofloxacin-treated group in
brain (F(1,8) = 11.72, p = 0.009; see Figure 2F) and in serum (F(1,8) = 18.74, p = 0.003; see Figure 2G).
In the brain, Bonferroni post-hoc test revealed significant differences in favor of the PrimeC combi-
nation-treated group at time points 1 hour (Predicted LS Mean Difference = 10.2, 95% CI [0.1127,
19.93], p =0.047) and 3 hours (Predicted LS Mean Difference = 11.34, 95% CI [1.428, 21.25], p = 0.020;
see Figures 2C & 2E-F). In serum, Bonferroni post-hoc test revealed a significant difference in favor
of the PrimeC combination-treated group at the 3 hour time point (Mean Difference = -544.2, 95% CI
[-796.3, -292.1], p = 0.001; see Figures 2D-E & 2G).
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Figure 2. (A) Overview of the mice drug concentration profiling study design. A 6 hour-long study, 58 mice (all
male) were separated into 12 conditions, each administered with one specific dose via oral gavage. Each group
was sacrificed at a predetermined timepoint and measured for various aspects via blood serum and brain tissue.
(B) LC-MS system description. (C) Mean ciprofloxacin concentrations in brain samples following a single PO
administration of ciprofloxacin alone or ciprofloxacin + celecoxib to mice. *p<0.05, **p<0.01, using two-way
ANOVA with Bonferroni post hoc test. (D) Mean Ciprofloxacin concentrations in serum samples following a
single PO administration of ciprofloxacin alone compared to ciprofloxacin + celecoxib to mice. *p<0.05, **p<0.01,
***p<0.001, using two-way ANOVA with Bonferroni post hoc test. (E) The ratio between each of the different
agent administrations. The different ratios demonstrate a superior effect for the combination treatment in nearly
every measure, both in brain and in serum. (F) + (G) Mice drug concentration profiling study results. Presenta-
tion of AUCo- figures depicting concentration differences of ciprofloxacin following administration of the tested
compounds in brain (F) and in serum (G). Levels of ciprofloxacin administration alone are depicted by gray
areas, and the combination by the light-blue areas. Significant differences arose between ciprofloxacin levels
following administration of the combination compared to ciprofloxacin alone. *p<0.05, **p<0.01, ***p<0.001, us-
ing two-way ANOVA with Bonferroni post hoc test.

3. Discussion

This paper examined the synergistic effect of ciprofloxacin and celecoxib in vitro as a combina-
tion treatment in an iPSC-derived MN model, and the drug concentration profile of the PrimeC com-
bination in vivo in mice. The safety, superior drug concentration profile, and synergistic neurothera-
peutic effects of the PrimeC combination support its potential as a novel therapeutic agent for ALS.

Human iPSC-derived iMN models serve as a valuable platform for enabling drug screening ap-
proaches aimed at identifying compounds and combinations that can mitigate the impact of ALS
pathophysiology. Peripheral blood mononuclear cells (PBMCs) are a type of white blood cells com-
monly used for generating iPSCs due to their ease of collection and reprogramming [12]. The lym-
phocytes from the human PBMCs are then reprogrammed into iPSCs. Cellular reprogramming, and
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particularly the generation of iPSCs, has significant benefits for drug development, as they can be
generated from patient-specific cells, such as skin or blood cells, and differentiated into various cell
types. Deriving patient iMNs recapitulates the neurodegeneration involved in ALS, allowing for the
creation of ALS in vitro models which ultimately provide a platform for drug screening and testing
[13]. Furthermore, cellular reprogramming enables high-throughput, personalized drug screening on
patient-derived neurons. Revolutionizing drug development, iPSCs provide more accurate and effi-
cient models for disease research and drug discovery, enabling an examination of the efficacy of the
PrimeC combination using state of the art in vitro cellular techniques.

For over a decade, iPSCs have been utilized as a valid and valuable disease modelling platform,
enabling high-throughput drug screening to identify therapeutic applications for diseases such as
ALS [14]. Multiple research groups have established various ALS iPSC models as powerful tools for
recapitulating disease phenotypes manifested by neurodegeneration, cell death mechanisms, pheno-
typical progression, etc. [15]. For instance, ropinirole was identified as a potential therapeutic candi-
date for ALS in a large in vitro iPSC drug screening [15], which led to a Phase I/II trial [16,17]. Indeed,
these iMNss derived from PALS recapitulate the neurodegeneration involved in ALS, thus providing
a valid and biologically relevant in vitro model system [13,18].

In this study, neuronal survival rate of PrimeC combination-treated iPSCs demonstrated similar
survival rates to those of healthy controls, higher than vehicle-treated ALS iMNs, and significantly
higher than ALS iMNss treated with ciprofloxacin or celecoxib alone. This is especially relevant taking
into account the recent prospects of iPSC models in screening and developing regenerative medicinal
products, enabling associations with three-dimensional multicellular organoids (e.g., gene editing,
organs-on-a-chip, different “omics” methodologies, etc.) for future work [19]. ALS drug development
has recently witnessed a spurt of iPSC-based studies, either for mechanism examination, safety, drug
screening or efficacy [15,16,20]. However, many of the disease models encounter challenges in repli-
cating disease phenotypes, primarily attributable to the inherent iPSC immaturity issues, and the
absence of their corresponding native environmental cues [19]. Strategies directed at augmenting
iPSC maturation phenotypes will enable surmounting the challenges associated with polygenic, spo-
radic, and late-onset disease models, such as ALS.

The drug concentration profile study results suggest that ciprofloxacin exposure was higher fol-
lowing the administration of the PrimeC combination than when administering ciprofloxacin alone.
Overall, this proof-of-concept study in mice demonstrated that the combination of the two active
substances improved the therapeutic mode of action relative to administration of a single active drug.
Previous studies have shown enhanced concentrations of ciprofloxacin in blood when administered
in combination with other active substances targeting different pathologies [21]. However, this ex-
amination is the first of its kind in assessing the additive effect of ciprofloxacin with celecoxib, sub-
stantiating their combination as a viable therapeutic formulation.

These findings may also indicate that the combination could enhance ciprofloxacin’s penetration
of the blood-brain barrier (BBB). This aligns with prior research showing that ciprofloxacin is a known
multi-drug resistance 1 (MDR1) substrate [22], and that celecoxib inhibits MDR1, leading to increased
intracellular ciprofloxacin levels [23]. Moreover, ALS-specific pharmacoresistance mechanisms have
been identified, with selective upregulation of drug efflux transporters in the SOD1 G93A mouse
model [24], reinforcing the relevance of MDR1 inhibition in ALS. Additionally, COX inhibition has
been associated with a 70-100% increase in cerebrospinal fluid (CSF) ciprofloxacin concentrations
[25], further supporting the hypothesis that celecoxib may enhance fluoroquinolone CNS penetration.
This suggested potential utility in addressing CNS-related pathologies warrants further investiga-
tion.

Taken together, this collective study demonstrates the beneficial effect of ciprofloxacin and
celecoxib to ALS-related therapy, and the synergistic effects they hold in combining the two compo-
nents. This multiple-angle approach substantiates the sound proof of concept PrimeC holds, address-
ing an improved drug concentration profile and enhanced survival. In conclusion, the aforemen-
tioned findings set the stage for the use of PrimeC as a potentially safe and effective treatment for
ALS.
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4. Materials and Methods
4.1. Induced Pluripotent Stem Cell (iPSC)-Derived Motor Neuron (MN) Survival

In this study, iPSC-derived iMNs were generated from PALS (C9orf72 pathology) and from
healthy donors’ PBMCs. Neuronal survival rate was compared between PrimeC’s components, their
combination and the relevant DMSO vehicle reference as described in Figure 2A-C. Cell survival was
measured by longitudinally tracking iMNs at days 2, 4, 6, 8, 10, 12, 14 and 16 post treatment for each
treatment condition.

4.1.1. Peripheral Blood Mononuclear Cell (PBMC) Isolation

In this study, iPSC-derived iMNs were generated from PBMCs, which are a type of white blood
cells commonly used for generating iPSCs due to their ease of collection and reprogramming [12].
Lymphoblastoid cell lines from healthy donors as well as from PALS were obtained from the National
Institute of Neurological Disorders and Stroke (NINDS) Biorepository at the Coriell Institute for Med-
ical Research. (C9 ALS: ND06769, ND10689, and ND12099; CTRLS: ND03231, ND03719, and
ND05280).

4.1.2. iPSC Generation

Lymphocytes sourced from individuals with ALS to generate iPSCs were then utilized. The lym-
phocytes were reprogrammed into iPSCs using episomal vectors- they were transfected with mam-
malian expression vectors carrying Oct4, Sox2, Klf4, L-Myc, Lin28, and a p53 shRNA using the Adult
Dermal Fibroblast Nucleofector Kit and Nucleofector 2b Device (Lonza) following the manufacturer’s
protocol. Subsequently, the cells were cultured on mouse feeders until iPSC colonies emerged. These
colonies were then expanded and sustained on Matrigel (BD) in mTeSR1 medium (Stem Cell Tech-
nologies) (Following [26]).

4.1.3.iPSC-Derived iMNs

iPSCs were differentiated into fibroblast-like cells to enable efficient retroviral transduction.
Briefly, iPSCs were plated in several T-75 flasks coated with Matrigel and the media was changed to
fibroblast media (DMEM +10% FBS) at 30%-50% confluency. The media was changed once a week
until the appearance of fibroblast-like cells. The formation is cell line dependent and ranges from 30
to 50 days. Reprogramming experiments were conducted using either 96-well plates. These were
coated sequentially with gelatin (0.1% for 1 hour at room temperature) and laminin overnight (4°C,
overnight). For each well of the 96-well plates, 7 iMN factors were added in 150 ul of fibroblast me-
dium, along with 8 pg/ml of polybrene. Lentivirus encoding the Hb9::RFP reporter (labels motor
neurons) was transduced into iMN cultures 48 hours after the initial transduction with retroviruses
encoding transcription factors. On day 4, primary mouse cortical glial cells derived from P2-P3 ICR
pups (both male and female) were added to the transduced cultures in glia medium, which consisted
of MEM (Life Technologies), 10% donor equine serum (HyClone), 20% glucose (Sigma-Aldrich), and
1% penicillin/streptomycin. On day 5, the cultures were switched to N3 medium, containing
DMEM/F12 (Life Technologies), 2% FBS, 1% penicillin/streptomycin, N2 and B27 supplements (Life
Technologies), 7.5 uM RepSox (Selleck), and 10 ng/ml each of GDNF, BDNF, and CNTF (R&D). The
iMN cultures were maintained in N3 medium, with medium changes performed every other day
until day 16 (Following[26]).

4.1.4.iMN Assay

Hb9:RFP+ iMNs form between day 13-16 after transduction of iMN factors. The iMN survival
assay was initiated on day 17. Starting at Day 17, longitudinal tracking of iMNs was performed using
Molecular Devices ImageExpress once every other day for 16 days. Tracking of neuronal survival
was performed using Image]J. Neurons were scored as dead when their soma was no longer detecta-
ble by RFP fluorescence. iMN survival experiments included neurotrophic factor withdrawal in order
to exacerbate the survival difference between control and PALS” iMNs. Neurotrophic factor with-
drawal of FGF-2, BDNF, GDNF, and CNTF from the culture medium was performed on day 17. For
treatment with drugs, cultures were treated with DMSO or drug after neurotrophic factor withdrawal
(starting at day 17). Treatment with fresh media containing vehicle or drugs occurred every 3 days
for 16 days. In order to assess the different effects of PrimeC on the iPSC derived C9orf72 cells we
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used the following comparisons: iMNs treated with the combination dose of ciprofloxacin + celecoxib,
cells treated with ciprofloxacin or celecoxib alone, and a vehicle control. Control cell lines of non-
neurological subjects (i.e., neurologically healthy controls) were used in the comparisons. Three rep-
licates per condition were used- three healthy control lines (n=100 iMNs/line X 3 lines=300 total iMNs)
and three PALS lines (n=100 iMNs/line X 3 lines=300 total iMNs).

A hazard ratio was calculated for each of the comparisons as the likelihood of neuron death
when treated with the indicated compound divided by the likelihood of neuron death when treated
with another indicated compound. The higher the ratio, the more likely it is for a cell to die when
treated with the second compound compared to being treated with the first compound in each com-
parison above.

4.1.5. Statistical Analysis

Multiple groups and/or time points were analyzed utilizing two-way ANOVA, and when ap-
propriate, a two-way ANOVA repeated measurements (time x groups).

Analysis utilized Prism Origin (GraphPad Software) software package. For iMN survival, a 2-
sided log-rank test was employed to accommodate instances where events did not occur (iMNs that
did not degenerate before the experiment’s conclusion). In each case, 300 iMNs were selected to gen-
erate survival curves. If all iMNs degenerated in a given experiment, a 2-tailed Student’s t test was
used for statistical significance.

The normal distribution of datasets was tested using the D’ Agostino-Pearson omnibus normal-
ity test. Multiple group differences were assessed via One-way ANOVA with Tukey’s correction for
all comparisons, unless the data were non-normally distributed, in which case nonparametric Krus-
kal-Wallis testing was applied. Normally distributed datasets used mean and standard deviation or
standard error of the mean, while non-normally distributed datasets used median and interquartile
range. Differences between two groups were analyzed using a 2-tailed Student’s t test, unless the
data were non—-normally distributed, in which case 2-sided Mann-Whitney testing was utilized. Upon
conducting Bonferroni correction for multiple comparisons, significance was assumed at p < 0.0125.

Kaplan-Meier plots were generated using iMNs obtained from each treatment condition in rep-
licates of three. Confirmation of iMN survival times were analyzed by manual longitudinal tracking.

4.2. Drug Concentration Profiling of the PrimeC Combination in C57BL Mice

The drug concentration profile of the PrimeC combination in C57BL strain mice’s brain and
blood (serum) was tested following acute oral administration (PO; single dose). The drug concentra-
tion profile of ciprofloxacin alone was compared to the drug concentration profile of the combination
compound of ciprofloxacin and celecoxib (i.e., the PrimeC combination). To this aim, a total of 58
male mice aged 8 weeks were utilized in the study, which was conducted in two cycles of 12 groups
with 4-6 animals per group. The tested mice were PO administered (oral gavage) at timepoint 0 (see
Figures 2A-B for study design).

4.2.1. Mice

The C57BL strain male mouse model was used (Envigo RMS,Israel Ltd.). Animals” handling was
performed according to guidelines of the National Institute of Health (NIH) and the Association for
Assessment and Accreditation of Laboratory Animal Care (AAALAC), and Pharmaseed standard
operating procedures (SOPs). The animals were monitored for morbidity and mortality, body weight
(BW), clinical signs and bleeding during the dosing times. This study was performed in compliance
with “The Israel Animal Welfare Act”; and following “The Israel Board for Animal Experiments”;
Ethics Committee # NPC-Ph-IL2109-110-3.

4.2.2. Formulation Preparation

C57BL mice were treated with distinct concentrations of the PrimeC combination of celecoxib
(Hikal Ltd., India) and ciprofloxacin (Neuland Laboratory Ltd., India), or with ciprofloxacin alone.

The solutions for both active pharmaceutical ingredients (APIs), ciprofloxacin and celecoxib,
were prepared under appropriate conditions to yield specific predetermined concentrations. The so-
lutions were administered orally.
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4.2.3. Ciprofloxacin Liquid Chromatography with Triple Quadrupole Mass
Spectrometer (LCMS-MS)

Blood and Serum Extraction

Approximately 350 uL of whole blood was collected into tubes containing a clotting activator
gel. The blood was allowed to clot at room temperature for at least 30 minutes, followed by centrifu-
gation at 4000 rpm for 10 minutes. The resulting serum was separated, transferred into Eppendorf
tubes (or equivalent), and stored at -80°C until further analysis for ciprofloxacin quantification using
the LC-MS/MS method (see Figure 1B).

Brain Tissue Extraction

At the termination timepoints, animals were anesthetized via intraperitoneal injection of a Ket-
amine-Xylazine mixture (90:10 mg/kg, respectively) and briefly perfused with phosphate-buffered
saline (PBS). Following sacrifice as approved by the Ethics Committee (Approval No. NPC-Ph-
IL2109-110-3), brains were collected, weighed, and processed. Each brain was rinsed with ice-cold
PBS, minced, and homogenized in 1 mL of ice-cold PBS using the gentleMACS™ Dissociator (Pro-
gram Protein_01_01). The homogenates were then sonicated and centrifuged at 13,000 x g for 10
minutes at 4°C. The supernatant was aliquoted and stored at -80°C until further analysis for ciprof-
loxacin quantification using the LC-MS/MS method (see Figure 1B).

LC-MS/MS Analysis

Both serum and brain supernatant samples were analyzed for ciprofloxacin quantification using
the LC-MS/MS method.

4.2.4. Pharmacokinetic Analysis

Pharmacokinetic parameters were calculated using the computer program PK Solutions 2.0
(Summit Research Services, USA). The following pharmacokinetic parameters were evaluated:

Maximum observed ciprofloxacin concentrations (Cmax) in serum and brain samples and their
times of determination (Tmax) were the obtained values. Standard deviations were reported to the
same precision as the corresponding mean value. Unless stated otherwise, all summary statistics (e.g.,
Mean, SD) presented are based upon rounded numbers.

Areas under concentration-time curves up to the last quantifiable concentration (AUCo-s) were
calculated using the linear trapezoidal rule. In the calculation of AUCo- values, it was assumed that
the pre-dose (0 hours) ciprofloxacin concentrations were zero. Data permitting, the terminal elimina-
tion rate constant (AZ) was estimated by fitting a linear regression of log concentration against time,
and t%2 was calculated as In2/AZ. For the estimate of AZ to be accepted as reliable, the following cri-
teria were imposed:

1. The terminal data points were apparently randomly distributed about a single straight line (on
visual inspection)

2. A minimum of three data points was available for the regression

The regression coefficients > 0.85

4. The interval including the data points chosen for the regression was at least two-fold greater
than the half-life itself

A mixed model for repeated measures followed by a post hoc Bonferroni test for multiple com-
parisons was performed for between-group comparisons of ciprofloxacin concentrations, statistical
significance set at p <0.05. This analysis was performed using GraphPad Prism version 10.2 for Win-
dows, GraphPad Software, Boston, Massachusetts USA, www.graphpad.com.

@

5. Conclusions

In conclusion, this collective study, comprised of an in vitro iPSC assay as well as an in vivo
study in mice, demonstrates the beneficial effect of the ciprofloxacin and celecoxib combination on
ALS-related pathology, and the synergistic effects they hold by combining these two components.
This multidisciplinary approach substantiates the sound proof of concept PrimeC holds, addressing
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enhanced survival and improved drug concentration profiling. In summary, the aforementioned
findings set the stage for the use of PrimeC as a potentially safe and effective treatment for ALS.
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Abbreviations

The following abbreviations are used in this manuscript:

ALS Amyotrophic lateral sclerosis

AIDS Acquired immunodeficiency syndrome
iPSCs Induced pluripotent stem cells

PK Pharmacokinetic

RNA Ribonucleic acid

miRNA  MicroRNA

TRBP Transactivation response element RNA-binding protein
RISC RNA-induced Silencing Complex
NSAID  Non-steroidal anti-inflammatory drug
COX-2  Cyclooxygenase-2

CNS Central nervous system

CSF Cerebrospinal fluid

PALS People living with ALS

TDP-43 TAR DNA-binding protein 43

PgJ2 15-deoxy-A12,14-prostaglandin ]2
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LC3 Microtubule-associated protein 1A/1B-light chain 3
ALSFRS-RRevised Amyotrophic Lateral Sclerosis Functional Rating Scale
svC Slow Vital Capacity

FDA Food and Drug Administration

MNs Motor neurons

iMNs Induced motor neurons

C90rf72  Chromosome 9 open reading frame 72

PBMCs  Peripheral blood mononuclear cells

DMSO  Dimethyl sulfoxide

NINDS  National Institute of Neurological Disorders and Stroke
(€ C9orf72 samples

CTRL Controls

shRNA  Short hairpin RNA

Oct4 Octamer-binding transcription factor 4

Sox2 Sex determining region Y-box 2

KLF4 Kruppel-like factor 4

L-Myc  L-myc-1 proto-oncogene protein

Lin28 Lin-28 homolog A protein gene

DMEM  Dulbecco’s modified eagle medium

FBS Fetal bovine serum

MEM Minimum essential medium

DMEM  Dulbecco’s modified eagle medium

GDNF  Glial cell line-derived neurotrophic factor

BDNF  Brain-derived neurotrophic factor

CTNF Ciliary neurotrophic factor

RFP Red fluorescent protein

FGE-2 Fibroblast Growth Factor 2

ANOVA  Analysis of variance

PO Per os

NIH National Institute of Health

AAALAC Association for Assessment and Accreditation of Laboratory Animal Care
SOP Standard operating procedure

BW Body weight

API Active pharmaceutical ingredients
LCMS-MSLiquid Chromatography with Triple Quadrupole Mass Spectrometer
mg Milligram

kg Kilogram

ng Nanogram

mL Milliliter

h Hour

PBS Phosphate-buffered saline

SD Standard deviation

CI Confidence interval

AUC Area under the curve

t1/2 Terminal half life

Tmax Transport maximum

Cmax Maximum concentration

BBB Blood-brain barrier

MDR1  Multi-drug resistance 1
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