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Abstract

Background: A non-hemolytic form of streptolysin O (ML-05) can promote wound healing, decrease inflammation and alleviate fibrosis. It was
hypothesized that ML-05 could promote neuronal cell survival and recovery in patients with traumatic brain injury (TBI).

Methods: A 58-year-old female was treated with ML-05 beginning eleven years after incurring severe automobile accident-related TBI. The
patient self-administered sublingual ML-05 (32 ng/ml, 50 ul/dose, 4X/day for 36 months). Relative Change Index (RCI), IQ, neuropsychological,
Minnesota Multiphasic Personality Inventory (MMPI-2-RF), Rey Complex Figure Test (RCFT) and self-assessments were made pre-ML-05 and
again five and 31 months after initiation of dosing.

Results: At five months, the RCI showed improvement in eight of nine cognitive domains, though statistical significance (p<0.05) was only
achieved for visual memory. Neuropsychological testing showed modest improvement and stability by 36 months. IQ improved from 88 to 98
in 36 months. There were statistically significant improvements in multiple MMPI-2-RF categories at 36 months. RCFT drawings markedly
improved. Adaptive functioning improved. No side effects were reported.

Conclusion: Sublingual administration of ML-05 appeared to be safe and potentially useful in a patient with neurological impairment after TBI.
Further clinical studies are needed for better understanding the value of ML-05 in treating other TBI patients.

Keywords: Streptolysin O; Traumatic brain injury; Sublingual administration; Visual memory; Self-confidence

Abbreviations: 1Q: Intelligence Quotient; SLO: Streptolysin O; MMPI-2-RF: Minnesota Multiphasic Personality Inventory-2-Restructured
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Neurobehavioral Symptom Inventory; PCRS: Patient Competency Rating Scales; RCI: Relative Change Index; RCFT: Rey Complex Figure Test;
RCI: Relative Change Index; TBI: Traumatic Brain Injury; WAIS-IV-1Q Test: Wechsler Adult Intelligence Scale - Fourth Edition; CDC: Centers for
Disease Control; IL-1beta: Interleukin-1beta; TNF-alpha: Tumor Necrosis Factor alpha; ECM: Extracellular Matrix ; ADHD: Attention-Deficit/
Hyperactivity Disorder; CT: Computerized Tomography

Introduction

States and worldwide. The Centers for Disease Control and
Prevention (CDC) estimated that by 2021, TBI accounted for over
220,000 hospitalizations and almost 70,000 TBI-related deaths
in the United States alone [1-4]. The CDC categorizes TBI as mild
(e.g., concussions), moderate and severe [3]. Recovery from TBI

Traumatic brain injury (TBI) is a serious medical condition
that results from such external physical traumas as sports injuries,
motor vehicle accidents or falls. Some of the characteristic
effects of TBI are headaches, confusion, behavioral changes and
memory loss. The various neurological, cognitive and emotional
impairments resulting from TBI can lead to long-term disability
as well as being a cause of mortality. In fact, TBI has become a
significant cause of morbidity and mortality, both in the United

usually occurs in the first 18 months post injury, with minimal
improvement in neuropsychological functioning after that.
After five years, 22% of the inpatient individuals who received
rehabilitation for TBI died, 30% got worse, 26% improved, and
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the remaining 22% showed no improvement in their condition
[3]- On a biochemical and molecular basis, various mechanisms
have been postulated to explain the neuronal damage caused by
TBI. These mechanisms include the release of pro-inflammatory
cytokines, e.g., interleukin-1beta (IL-1beta) and tumor necrosis
factor alpha (TNF-alpha), which can contribute to neuronal cell
damage [5,6]; oxidative stress [7,8]; disruption of the blood-brain
barrier (9,10), and neuronal death through excitotoxicity [11,12]
and apoptosis [13].

Another mechanism of interest is neuronal damage via
the activation of matrix metalloproteinases (MMPs); [14,15].
MMPs are enzymes capable of remodeling or degrading the
brain’s extracellular matrix (ECM), a network of proteins and
related molecules, such as collagens, laminins and elastin, which
provide structural support within the brain [16-18]. The ECM
plays an important role in such processes as cell migration, cell
proliferation and tissue repair [17,18]. Degradation of the ECM
can lead to inflammation, neuronal cell death, and other actions
that can further contribute to the damage caused by TBI [19].
One of the most important MMPs is MMP-9, which may have an
essential role in TBL. The MMP9 gene and the MMP-9 enzyme
are known to be up-regulated or overexpressed in the brains of
animals and humans with TBI [20-22].

Although MMP-9 can help promote neuronal cell migration
and proliferation to help repair brain damage, excessive MMP-9
activity can cause abnormal tissue remodeling and interfere with
neuronal cell migration and proliferation, resulting in edema,
inflammation, the formation of fibrosis or scar tissue in the brain,
breakdown of the blood-brain barrier and cell death [14,20]. All of
these actions can contribute to lasting brain damage. Accordingly,
various studies have suggested that MMPs, notably MMP-9, may
be a potential target for therapeutic intervention. Research has
shown that inhibition of MMP-9 can reduce fibrosis and improve
functional outcomes in TBI animal models. One such study found
that inhibition of MMP-9 activity with a specific inhibitor in a
rodent model of TBI reduced brain edema, blood-brain barrier
disruption, and neuronal cell death [23]. Another in vivo animal
study found that inhibition of MMP-9 reduced brain injury and
improved cognitive function [24]. Thus, a therapeutic agent that
can target MMP-9 and other components of an abnormal ECM
could help reduce brain injury severity and improve TBI outcomes.

Streptolysin O (SLO) is a membrane-damaging extracellular
toxin (cytolysin) produced by Group A beta-hemolytic
streptococci [25,26]. However, low concentrations of an oxidized,
non-hemolytic form of SLO (also known as ML-05), has shown
beneficial effects on extracellular matrix (ECM) structure and
function. In particular, ML-05 promoted keratinocyte migration
and proliferation in wound-healing scratch assays and wound
healing in a human skin organ culture wound model in vitro
[27]. ML-05 also up- or down-regulated specific genes associated
with cell migration, cell proliferation and inflammation [28]. Of
particular interest was the down-regulation of the MMP9 gene,

as the protein MMP-9 is associated with the pathogenesis of
TBI. In vivo, ML-05 beneficially affected collagen levels in two
separate mouse fibrosis models [29]. Based on these and other
observations, it was hypothesized that ML-05 could help alleviate
TBI by inhibiting MMP-9 or otherwise alleviating fibrosis,
inflammation or ECM dysfunction, thus promoting neuronal cell
survival, migration and proliferation. Accordingly, the purpose
of this case study was to investigate the effects of sublingually
administered ML-05 on various neuropsychological functions in
a female adult with otherwise untreatable TBI.

Case Report
Patient Characteristics Pre-injury (pre-TBI)

The patient was a 58-year-old right-handed woman, with
no previous history of head injury or any other neurological
disorder prior to her acquiring a head injury in an accident. She
had a bachelor’s degree in math with a 3.4 GPA. The patient’s
level of premorbid functioning was known to be in the average
range. However, she reported that she had a reading and written
language disability. She further reported that she had Attention-
deficit/hyperactivity disorder (ADHD) and failed the first grade.
She was working as a software company database administrator
for 25 years prior to her injury. She had two grown children and
was living independently with her husband in a moderately sized
city.

Nature of the Injury and Post-injury Recovery

The woman suffered a severe traumatic brain injury at age
47 in May 2007 in a motor vehicle accident. The patient’s vehicle
was T-boned on the driver’s side, and the car rolled three times.
She was unconscious for six weeks; the length of post-traumatic
amnesia is uncertain. Her initial Glascow coma scale was a three.
Cranial computerized tomography (CT) scan revealed bilateral
subdural hematomas, and a right front temporal contusion. She
initially exhibited left hemiparesis. Initial surgeries included
a laparotomy, splenectomy and tracheostomy. A peg tube was
placed in her stomach, and a Greenfield filter (for prevention
of pulmonary emboli) was placed in the inferior vena cava. The
patient was initially hospitalized at one hospital, and then was
transferred to a rehabilitation institute. She was later transferred
to a second rehabilitation facility where she was treated for nine
months. She was finally treated at a third rehabilitation facility
for an additional nine months. The patient did not receive any
further rehabilitation. After her injury, the patient was unable
to return to any type of employment. She lived at home with her
husband and daughter. She spent her time gardening and doing
some cleaning. She was unable to engage in food preparation or
cooking activities due to her visual perceptual and organizational
problems. She was also unable to handle financial affairs or drive
a vehicle. She socialized on rare occasions with some friends and
attended social meetings of community service organizations
(e.g., Masons, Shriners). In short, she appeared unimproved but
stable for nearly 11 years.
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Neuropsychological Assessment Methods

An initial extended Meyers Neuropsychological Battery
(MNB); [30] was performed prior to administration of ML-05. The
following neuropsychological battery of tests was administered
across all three test periods, pre-ML-05 (March 2018), post-
ML-05 (November 2018) and during a second post-ML-05
assessment (June 2021): a) The Neurobehavioral Cognitive
Status Exam (NCSE; [31]), which measures nine domains of
cognitive  functioning, including
working memory; processing speed and mental flexibility; verbal

attention/concentration,

and visual memory functioning, verbal and visual reasoning
skills, bilateral motor skills and executive functioning; b) The
Wechsler Adult Intelligence Scale - Fourth Edition (WAIS-IV-IQ
test; [32,33]); ¢) The Meyers Neuropsychological Battery (MNB;
[34]); d) The Rey Complex Figure Test Copy Phase (RCFT; [35-
37]) and e) The Minnesota Multiphasic Personality Inventory-2-
Restructured Form (MMPI-2-RF; [38]). Note: The actual RCFT
with explanations of its components is shown in Figure 1A [37].
There also were subjective Patient Competency Rating Scales
(PCRS) administered to both patient and spouse.
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1 | Large rectangle
3 | Disgonal cross
4 Harizonial line
£ | Vertical line
6 |Small rectangle
7 | Small segment
8 | Paralkel limes
9 | Triangle
10 | Line
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13 | Triangle
14 | Diamond
15 | Line
16 | Line¢
17 | Crom
18 | Square
Figure 1A: Original form of RCFT with explanation of the original components [37].
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Data Analysis balance problems and headaches, dysarthria, and problems

Data were analyzed by comparing pre- and post-ML-05 scores
from the various neuropsychological assessments. Standard
statistical methods were used to obtain Z-scores or T-scores
(two measures of statistical hypothesis testing) and determine
statistical significance (at alpha = 0.05) The Relative Change Index
was utilized with the MNB and WAIS -1V.

Patient Characteristics from Post-injury
Neuropsychological Assessment (pre-ML-05)

The patient came to the clinic for a neuropsychological
assessment in March 2018. She reported intermittent but
ongoing, diplopia, ongoing left sided numbness and weakness,

with concentration. She reported interpersonal problems
resulting from defensiveness and social avoidance. She reported
intermittent depression and frustration. She had significant
anxiety when in crowds. She further reported functional memory
problems for numbers, tasks, object locations, conversations,
written information, routes and biographical information. In

addition, she reported difficulty with simple mathematics.
Sublingual ML-05 administration

Treatment with sublingual ML-05 was considered under
compassionate use and informed consent of the patient and
her husband; both had exhausted all other treatment options.
Although ML-05 is not an approved drug, the physician who
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prescribed it was familiar with its safety profile and chose to use
it as part of his practice of medicine to the benefit of patients
under his care. Valuable observations were expected from
patients treated anecdotally under compassionate use without
violating commonly accepted medical standards. The preparation
of ML-05 has been described previously [29]. The low dose of
ML-05 used (32 ng/ml, 50 ul per dose) has been established

as neither hemolytic nor cytotoxic. The patient started taking
ML-05 sublingually, four times a day through an eyedropper.
Her first administration of ML-05 began on May 29, 2018. The
patient continued with daily ML-05 for 36 months, through two
neuropsychological examinations, and continues taking this agent
to this day.

e N
Figure 1B: Patient’'s RCFT, pre-ML-05.

\ J

e B\
Figure 1C: Patient’'s RCFT at 6 months post-ML-05 administration.
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Figure 1D: Patient’'s RCFT at 36 months post-ML-05 administration.
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Results executive functioning was substantially impaired. Analysis of

Neuropsychological Assessment Performance in March
2018 (Pre-ML-05)

Neuropsychological testing was performed in March 2018,
nearly 11 years after the patient’s accident. At the time of her initial
neuropsychological assessment, the patient was only taking the
following two medications on a routine basis: The antidepressant
citalopram, 20 mg/day, and the anticonvulsant lamotrigine, 25
mg/day. In the initial NSI, compared to a normative sample in
which an average individual would be expected to show a score of
50 [39], her score was 71 (higher scores denote more symptoms
reported). On the NSI Affective Scale and NSI Cognitive Scale,
she showed scores of 64 and 59. respectively, which fell into the
normal expected range. However, she had a score of 76 in the NSI
Somatosensory Scale, indicating that she was reporting increased
physical difficulties or complaints. On the NSI Vestibular Scale,
she showed a score of 71, suggesting increased balance type
difficulties or complaints. She reported symptoms as “Severe” or
“Very Severe” in response to a variety of NSI questions.

The results of the pre-ML-05 NCSE are shown in Table 1.
The data from this assessment indicated impairment in most
categories, with an Overall Test Battery Mean (OTBM) of 38.
(The estimated premorbid level was a value of 50). In particular,

performance on the Rey complex figure copy phase (Figure 1B)
indicated profound impairment in visuo constructive abilities.
Her impaired visual perceptual skills resulted in severe inability
to copy the figure. These results were consistent with a severe
TBI accompanied by focal damage to the anterior right cerebral
hemisphere. With respect to composite scores on the WAIS-IV-1Q
test (Table 2), the patient had an estimated full-scale premorbid
1Q of 100, which was 88 at the time of this testing (pre-ML-05).
Verbal conceptual 1Q was 93; perceptual reasoning 1Q was 90;
working memory was 92; and processing speed 1Q was 86. There
was no evidence of malingering or poor effort, based on both
embedded measures of effort and the results of a Test of Memory
Malingering (TOMM; [40]; data not shown).

Clinical Results - First Neuropsychological Assessment,
Five Months Post-ML-05

After ML-05 treatment for five months, a neuropsychological
re-assessment was performed on November 1, 2018. There
were no significant medical changes since the patient’s initial
assessment. She was compliant with taking the ML-05 drops,
based on reports from her husband. She did not engage in any type
of rehabilitation during that time. The NCSE relative change index
(RCI) (differences and Z-scores) between pre-ML-05 and five
months of treatment are shown in Table 1. The patient continued
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to have impairment in various cognitive domains, with an OTBM
of 41 (versus 38 pre-ML-05). Mild improvements (not statistically
significantatalpha=0.05) were found in eight of the 10 categories:
Attention/concentration working memory, processing speed and
mental flexibility, visual reasoning, verbal memory, and dominant
motor functioning. Mild improvement was also found in executive
functioning. Mild decline was seen in the domain of verbal
reasoning ability. The only statistically significant improvement
(p < 0.05) was found on a measure of visual memory, which
improved to the average range of functioning. Overall WAIS-IV-1Q
(Table 2) remained stable at 89 in comparison to previous testing
(88). Verbal comprehension remained identical at 93. There was
mild improvement in perceptual reasoning, from 90 to 94, while
processing speed increased from 86 to 92. Working memory
declined from 92 to 83. The improvement in the patient’s drawing
of the Rey complex figure (RCFT) was remarkable (Figure 1C).
The patient had no recollection of her pre-ML-05 figure, so it
was unlikely that there had been any practice effects resulting
in this improved performance. MNB results between March

Table 1: NCSE Cognitive Domain differences and Z-scores pre-ML-0
Positive differences indicate improvement.

and November 2018 (Table 3) did show statistically significant
improvements in picture completion (33 to 53; p<0.01), block
design (40 to 50; p<0.05), RCFT immediate (29 to 51; p<0.01) and
the RCFT copy phase (which surprisingly scored at a value of 1
pre-ML-05; p<0.001). Although not statistically significant, values
for delayed recall of the complex figure improved from 27 to 42.
Assessment on the MMPI-2-RF between March and November
2018 (Table 4) yielded statistically significant improvements
(based on decreases in the difference between results pre- and
post-ML-05 over time) in symptom validity (70 to 54; p<0.05),
internalizing dysfunction (58 to 49; p<0.05), and particularly in
social avoidance (75 to 55; p<0.001). There also was a decrease in
inconsistent, random responses, though this was not statistically
significant at alpha = 0.05. On the other hand, the MMPI-2-RF
showed statistically significant increases (i.e., adverse changes)
in in cynicism (49 to 65; p<0.005), multiple specific fears (54 to
71; p<0.001), and in mechanical and physical interests (43 to 56;
p<0.001).

5 (March 2018) and at first post-ML-05 assessment (November 2018).

Domain Pre-ML-05 (3/2018) l;‘;it/';’[(ﬁg)s Difnf/lei’:;‘:}e,r(;"“ Z-Score P-Value
Overall Test Battery Mean 38 41 3 0.97 >0.10
1-Attention/Working 36 38 2 0.15 >0.10
2-Processing Speed 34 37 3 0.68 >0.10
3-Verbal Reasoning 43 40 -3 -0.3 >0.10
4-Visual Reasoning 40 46 6 1.32 >0.10
5-Verbal Memory 37 40 3 0.36 >0.10
6-Visual Memory 38 51 13 1.81 <0.05
7-Dominant Motor/Sensory 40 45 5 0.73 >0.10
8-Non-Dominant Motor/Sensory 29 29 0 0.17 >0.10
9-Executive Function 36 39 3 0.89 >0.10

Table 2: WAIS-IV 1Q results from pre-MLO5 (March 2018), first post-M
(June 2021).

LO5 assessment (November 2018), and second post-MLO5 assessment

Sum of Scaled Scores Composite Score . e -

Percentile Rank 03/2018 | Qualitative Description

Scale 03/2018 | 11/2018 | 03/2018 | 11/2018 | 1172018 2021 03 (2018 1120182021
2021 2021

Verbal Cs(i’;?lprehe“' 2626131 9393|102 3232155 Average | Average | Average
Perceptﬁ}gReaSO“' 25127135 9094109 253473 Average | Average | Average

. Average | Low Average |

Working Memory 17114119 9283197 301342 Average

Processing Speed 15117 |13 8692 |81 1813010 Low A"eraije'r’:‘;mge | Low
Full Scale 838498 8889 |98 212345 Low A"eraiiir];‘;‘é" Average |
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Table 3: MNB Neuropsychology test results pre-ML-05 (March 2018) and at first post-ML-05 assessment (November 2018). Positive differences
indicate improvement.

Tests Pre-ML-05 (3/2018) Post-ML-05 (11/2018) | Difference (Post Minus Pre) T-Score P-Value

Overall Mean 36 40 4
Arithmetic (ARI) 47 40 -7 0.93 >0.10
Digit Span (DS) 43 40 -3 0.04 >0.10
Forced Choice (FC) 31 49 18 0.32 >0.10
Animal Naming (AN) 47 47 0 0.25 >0.10
Sentence Repetition (SR) 27 7 -20 0.92 >0.10
AVLT 27 34 7 0.89 >0.10
Coding (COD) 40 43 3 0.49 >0.10
Trails A (TA) 30 31 1 0.18 >0.10
Trails B (TB) 30 30 0 0.13 >0.10
Similarities (SIM) 43 40 -3 0.35 >0.10
Information (INFO) 53 50 -3 0.94 >0.10
Controlled Oral Word (COWA) 40 41 1 0.11 >0.10
Dichotic Left (DLL) 34 35 1 0.08 >0.10
Dichotic Right (DLR) 34 41 7 0.32 >0.10
Boston Naming (BN) 35 24 -11 0.8 >0.10
Token Test (TT) 45 34 -11 0.8 >0.10
Picture Completion (PC) 33 53 20 2.27 <0.01
Block Design (BD) 40 50 10 1.77 <0.05
Judgment of Line Orientation 52 47 -5 0.63 >0.10
Category Test (CaT-V) 47 38 -9 1.17 >0.10
RCFT Copy Score 1 43 42 391 <0.001
AVLT Total 20 32 12 1.03 >0.10
AVLT Immediate 29 29 0 0.07 >0.10
AVLT Delayed 30 34 4 0.34 >0.10
AVLT Recognition (TP) 40 57 17 0.67 >0.10
RCFT Immediate 29 51 22 2.47 <0.01
RCFT Delayed 27 42 15 0.88 >0.10
RCFT Recognition 50 43 -7 0.82 >0.10
Dom Hand Finger Tapping 32 38 6 0.45 >0.10
NO“'DOTIEPP:;E; Finger 15 16 1 0.41 >0.10
Dom Finger Localization 57 57 0 0.19 >0.10
Non-Dom Finger Localization 53 51 -2 0.35 >0.10
WRAT Arithmetic 50 45 -5 0.65 >0.10
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Table 4: MMPI - 2 - RF results pre-ML-05 assessment (March 2018) and in first post-ML-05 assessment (November 2018). Negative difference
values indicate improvement.

Individual Clinical Scale "(;"/';’:)Ll'g)s 1;‘;5172’10"1'3)5 (11l;lzf(f)e1rf‘;3 T | s P-Value
3/2018)

Variable Response Inconsistency (V) 53 39 -14 1.42 >0.10
True Response Inconsistency (TRIN-) 50 57 7 -0.76 >0.10
Infrequent Responses (F-r) 74 70 -4 0.51 >0.10
Infrequent Psychopathology Responses 68 68 0 0 >0.10
Infrequent Somatic Responses (Fs) 83 91 8 -0.71 >0.10
Symptom Validity (FBS-r) 70 54 -16 1.9 <0.05
Uncommon Virtues (L-r) 62 71 9 -1.33 >0.10
Adjustment Validity (K-r) 45 42 -3 0.71 >0.10
Emotional / Internalizing Dysfunction 58 49 -9 1.72 <0.05
Thought Dysfunction (THD) 67 70 3 -0.38 >0.10
Behavioral / Externalizing Dysfunction 40 32 -8 1.55 >0.10
Demoralization (Rcd) 53 46 -7 1.21 >0.10
Somatic Complaints (RC1) 79 79 0 0.05 >0.10
Low Positive Emotions (RC2) 61 61 0 -0.11 >0.10
Cynicism (RC3) 49 65 16 -2.68 <0.005
Antisocial Behavior (RC4) 46 39 -7 1.35 >0.10
Ideas of Persecution (RC6) 70 70 0 -0.02 >0.10
Dysfunctional Negative Emotions (RC7) 53 55 2 -0.29 >0.10
Aberrant Experiences (RC8) 59 66 7 -0.91 >0.10
Hypomanic Activation (RC9) 45 43 -2 0.18 >0.10
Gastrointestinal Complaints (GIC) 64 64 0 -0.09 >0.10
Head Pain Complaints (HPC) 72 65 -7 0.86 >0.10
Neurological Complaints (NUC) 75 86 11 -1.08 >0.10
Cognitive Complaints (COG) 64 64 0 -0.05 >0.10
Suicidal/Death Ideation (SUI) 45 45 0 -0.08 >0.10
Helplessness / Hopelessness (HLP) 40 52 12 -1.47 >0.10
Self-Doubt (SFD) 56 52 -4 0.49 >0.10
Inefficacy (NFC) 48 51 3 -0.43 >0.10
Stress/Worry (STW) 52 43 -9 1.28 >0.10
Anxiety (AXY) 44 44 0 0.17 >0.10
Anger Proneness (ANP) 54 54 0 0.01 >0.10
Behavior Restricting Fears (BRF) 63 63 0 0 >0.10
Multiple Specific Fears (MSF) 54 71 17 -3.89 <0.001
Juvenile Conduct Problems (JCP) 40 40 0 -0.19 >0.10
Substance Abuse (SUB) 41 41 0 -0.03 >0.10
Aggression (AGG) 56 51 -5 0.64 >0.10
Activation (ACT) 44 44 0 -0.06 >0.10
Family Problems (FML) 53 58 5 -0.76 >0.10
Interpersonal Passivity (IPP) 46 52 6 -0.97 >0.10
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Social Avoidance (SAV) 75 55 -20 4.18 <0.001
Shyness (SHY) 44 47 3 -0.63 >0.10
Disaffiliativeness (DSF) 58 44 -14 1.51 >0.10
Aesthetic-Literary (AES) 39 33 -6 1.27 >0.10
Mechanical-Physical Interests (MEC) 43 56 13 -3.59 <0.001
Aggressiveness-Revised (AGGR-r) 53 50 -3 0.57 >0.10
Psychoticism-Revised (PSYC-r) 66 66 0 0.02 >0.10
Disconstraint-Revised (DISC-r) 35 31 -4 0.79 >0.10
Negative Emotionality/Neuroticism- 53 51 -2 0.3 >0.10
Introversion/Low Positive Emotional 70 64 -6 1.15 >0.10

Second Neuropsychological Assessment, 31 Months
Post-ML-05

Neuropsychological reevaluation was performed for the
second time on June 18, 2021, about 31 months after her last
assessment. She reported that she continued to be compliant
taking ML-05, and this was verified by her husband. Results of
MNB RCl testing in June 2021, relative to the testing performed five
months post-ML-05, demonstrated no significant improvement
relative to the previous assessment, with the OTBM declining from
41 to 40 (Table 5). Mild improvement was noted in the domain of

attention/concentration, working memory and visual reasoning.
Executive functions, processing speed, verbal reasoning, verbal
memory functioning and visual memory functioning all declined
slightly. Dominant motor functioning also declined, though
improvement was found with the non-dominant hand. Executive
functions declined slightly. However, none of these increases or
decreases were statistically significant, indicating some stability
in the functions gained after starting and continuing with ML-
05. Her second post-ML-05 RCFT showed notable further
improvement (Figure 1D).

Table 5: NCSE Cognitive Domain differences and Z-scores at second post-ML-05 assessment (June 2021) in comparison to first post-ML0O5

assessment (November 2018). Positive differences indicate improvement.

Domain Post-ML-05 Post-ML-05 Difference (2021 7Z-Score P-Value
(11/2018) (6/2021) Minus 2018)

Overall Test Battery Mean 41 40 -1 -0.5 >0.10
1-Attention/Working 38 41 3 0.54 >0.10
2-Processing Speed 37 35 -2 -0.51 >0.10
3-Verbal Reasoning 40 37 -3 -0.75 >0.10
4-Visual Reasoning 46 50 4 0.42 >0.10
5-Verbal Memory 40 38 -2 -0.25 >0.10
6-Visual Memory 51 46 -5 -0.9 >0.10
7-Dominant Motor/Sensory 45 36 -9 -1.22 >0.10
8-Non-Dominant Motor/Sensory 29 36 7 0.61 >0.10
9-Executive Function 39 38 -1 -0.48 >0.10

Results of WAIS-IV-1Q testing showed an improvement in full-
scale 1Q from 89 to 98 (Table 2). Verbal comprehension improved
from 93 to 102; perceptual reasoning improved from 94 to 109;
and working memory improved from 83 to 97. A mild decline was
found in processing speed from 92 to 81. MNB testing showed
statistically significant improvements in both arithmetic (p<0.05)
and sentence repetition (p<0.01) (Table 6). Results of the second
post-ML-05 MMPI-2-RF personality testing also indicated
psychological improvement which appeared to be greater than
neuropsychological improvement (Table 7).

Although there were statistically significant declines in
variable response inconsistency and true response inconsistency,
most of the other variables in this second MMPI-2-RF test were
favorable, and six categories showed statistically significant
improvement at alpha = 0.05. Results of the June 2021 PCRS
indicated that the patient perceives herself as having a normal
level of overall independent functioning, as demonstrated by a
PCRS score of 46 versus 32 in November 2018; this difference
was statistically significant (p < 0.01). All domains were now in
the average range of functioning. However, the reports completed
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by her husband indicated that she still demonstrated a mildly activities of daily living, independent activities and functional
impaired level of overall functioning, with mild impairment in  cognitive abilities.

Table 6: MNB Individual Neuropsychology test results at second post-ML-05 assessment (June 2021) in comparison to first post-ML05 assessment
(November 2018). Positive differences indicate improvement.

Test Post-ML-05 (11/2018) | Post-ML-05 (6/2021) Difference (Post Minus Pre) T-Score P-Value

Overall Mean 40 39 -1
Arithmetic (ARI) 40 57 17 1.65 <0.05
Digit Span (DS) 40 40 0 0 >0.10
Forced Choice (FC) 49 55 6 0.57 >0.10
Animal Naming (AN) 47 33 -14 1.17 >0.10
Sentence Repetition (SR) 7 27 20 2.19 <0.01
AVLT 34 41 7 0.62 >0.10
Coding (COD) 43 37 -6 0.79 >0.10
Trails A (TA) 31 32 1 0.16 >0.10
Trails B (TB) 30 33 3 0.33 >0.10
Similarities (SIM) 40 50 10 1.11 >0.10
Information (INFO) 50 57 7 0.41 >0.10
Controlled Oral Word (COWA) 41 33 -8 1.06 >0.10
Dichotic Left (DLL) 35 15 -20 1.46 >0.10
Dichotic Right (DLR) 41 35 -6 0.23 >0.10
Boston Naming (BN) 24 32 8 0.71 >0.10

Token Test (TT) 34 N/A

Picture Completion (PC) 53 53 0 0 >0.10
Block Design (BD) 50 50 0 0 >0.10
Judgment of Line Orientation 47 43 -4 0.37 >0.10
Category Test (CaT-V) 38 35 -3 0.47 >0.10
RCFT Copy Score 43 56 13 0.54 >0.10
AVLT Total 32 39 7 0.43 >0.10
AVLT Immediate 29 30 1 0.13 >0.10
AVLT Delayed 34 35 1 0.05 >0.10
AVLT Recognition (TP) 57 46 -11 1.06 >0.10
RCFT Immediate 51 41 -10 0.27 >0.10
RCFT Delayed 42 35 -7 0.77 >0.10
RCFT Recognition 43 36 -7 0.59 >0.10
Dom Hand Finger Tapping 38 32 -6 0.67 >0.10
NOH'DOTI;’;Z‘E; Finger 16 19 3 0.56 >0.10
Dom Finger Localization 57 51 -6 0.73 >0.10
Non-Dom Finger Localization 51 53 2 0.07 >0.10
WRAT Arithmetic 45 46 1 0.33 >0.10
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Table 7: MMPI - 2- RF results at second post-ML-05 assessment (June 2021) in comparison to first post-ML-05 assessment (November 2018).
Negative difference values indicate improvement.

Individual Clinical Scale lz‘l’slt/'glol‘l'g;:‘ PE’GS;%;O)S Difference (2021 Minus 2018) | Z-Score | P-Value
Variable Response Inconsistency (V) 39 68 29 2.95 <0.001
True Response Inconsistency (TRIN-) 57 73 16 1.73 <0.05

Infrequent Responses (F-r) 70 70 0 -0.08 >0.10
Infrequent Psychopathology Responses 68 42 -26 -2.9 <0.001
Infrequent Somatic Responses (Fs) 91 66 -25 -2.04 <0.01

Symptom Validity (FBS-r) 54 48 -6 -0.69 >0.10

Uncommon Virtues (L-r) 71 71 0 0.18 >0.10

Adjustment Validity (K-r) 42 48 6 1.27 >0.10
Emotional / Internalizing Dysfunction 49 49 0 -0.03 >0.10

Thought Dysfunction (THD) 70 67 -3 -0.38 >0.10
Behavioral /Externalizing Dysfunction 32 36 4 0.72 >0.10
Demoralization (RCd) 46 42 -4 -0.72 >0.10
Somatic Complaints (RC1) 79 65 -14 -1.88 <0.05
Low Positive Emotions (RC2) 61 54 -7 -1.18 >0.10
Cynicism (RC3) 65 57 -8 -1.32 >0.10
Antisocial Behavior (RC4) 39 39 0 -0.09 >0.10
Ideas of Persecution (RC6) 70 56 -14 -1.81 <0.05
Dysfunctional Negative Emotions (RC7) 55 50 -5 -0.73 >0.10
Aberrant Experiences (RCS) 66 66 0 -0.03 >0.10
Hypomanic Activation (RC9) 43 43 0 -0.12 >0.10
Gastrointestinal Complaints (GIC) 64 46 -18 -1.85 <0.05
Head Pain Complaints (HPC) 65 59 -6 -0.78 >0.10
Neurological Complaints (NUC) 86 75 -11 -1.08 >0.10
Cognitive Complaints (COG) 64 69 5 0.6 >0.10
Suicidal/Death Ideation (SUI) 45 45 0 -0.08 >0.10
Helplessness/Hopelessness (HLP) 52 52 0 -0.04 >0.10
Self-Doubt (SFD) 52 42 -10 -1.37 >0.10
Inefficacy (NFC) 51 43 -8 -1.12 >0.10
Stress/Worry (STW) 43 47 4 0.62 >0.10
Anxiety (AXY) 44 44 0 0.17 >0.10

Anger Proneness (ANP) 54 51 -3 -0.42 >0.10
Behavior Restricting Fears (BRF) 63 43 -20 -2.55 <0.005
Multiple Specific Fears (MSF) 71 65 -6 -1.46 >0.10
Juvenile Conduct Problems (JCP) 40 40 0 -0.19 >0.10
Substance Abuse (SUB) 41 41 0 -0.03 >0.10
Aggression (AGG) 51 45 -6 -0.92 >0.10
Activation (ACT) 44 48 4 0.39 >0.10

Family Problems (FML) 58 53 -5 -0.76 >0.10
Interpersonal Passivity (IPP) 52 56 4 0.7 >0.10
Social Avoidance (SAV) 55 59 4 091 >0.10
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Shyness (SHY) 47 47 0 -0.09 >0.10
Disaffiliativeness (DSF) 44 44 0 -0.07 >0.10
Aesthetic-Literary Interests (AES) 33 33 0 0.01 >0.10
Mechanical-Physical Interests (MEC) 56 47 -9 -2.47 <0.01
Aggressiveness-Revised (AGGR-1) 50 43 -7 -1.14 >0.10
Psychoticism-Revised (PSYC-r) 66 63 -3 -0.42 >0.10
Disconstraint-Revised (DISC-1) 31 35 -4 0.79 >0.10
Negative Emotionality/Neuroticism- 51 51 0 0.01 >0.10
Introversion/Low Positive Emotional 64 57 -7 -1.31 >0.10

However, her emotional performance improved the score to 44,
and her behavior score was in the low average range of 40. Overall,
the patient’s spouse reported less problems in independent living
during this assessment. The 2021 interview with the patient’s
husband indicated that the patient continued to have problems
with her short-term and recent memory. She still had functional
memory problems for numbers, object locations, tasks, routes and
names. She was better able to remember faces than previously.
Interestingly, she could now remember details of the nightly news
(as well as the news from the day before) which she could not
do before taking ML-05. With respect to social interactions, the
patient’s husband believes that her communication skills were an
area of significant improvement. Her speech was greatly improved
and has been much more understandable to others along with a
better emotional connection. She now goes out to social events
(e.g., to the Masonic Lodge) with her husband. She goes to a ladies’
group once a week. Her confidence has improved around others.
She has also been more connected with her siblings subsequent
to taking ML-05. The patient’s overall score of 31 on the second
PCRS self-report (post-ML-05 between March 2018 and June
2021; data not shown) was in the borderline range, suggesting an
impaired level of overall independent functioning. Results from
this PCRS did not indicate significant improvement according to
the patient’s own report.

However, her overall emotional functioning appeared to
improve with respect to feelings of demoralization and low
positive emotions. Cognitive complaints declined as well. Overall
feelings of helplessness/hopelessness, ineffectiveness, stress,
worry and anxiety markedly declined. The ability to control
anger also improved. Socially, the patient tended to affiliate with
others, as evidenced by a decline in a measure of disaffiliativeness.
Aberrant physical experiences also decreased: Gastrointestinal
and head pain complaints declined substantially. A separate
June 2021 PCRS was completed by the patient’s husband. He
rated her as having severe impairment in her activities of daily
living, independent activities and functional cognitive abilities.
He felt her overall capacity for emotional control was a strength.
However, her ability to keep friends and maintain herself as
socially presentable was in the impaired range. Relative to the
pre- and first post-ML-05 assessments (five months after dosing
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was initiated), the patient reported improvement in her overall
level of daily functioning after being on ML-05 for 36 months. She
reported significant improvement in her memory being on ML-05
relative to an over-the-counter supplement that she was taking
prior to her using ML-05. Also prior to using ML-05, she had to use
a tool for support (a hoe, rake or cane) to walk out to her garden.
After five months of ML-05 and beyond, the patient was able to
walk independently, and felt that her balance was better.

Furthermore, previous to ML-05, she was not able to bend
over without assistance while gardening, while post-ML-05 she
reported that she can bend over independently. In terms of social
interaction with other individuals, she reported being better able
to follow conversations, and was now able to transition from
one conversation to another with an individual. She noted an
improvement in her dysarthria as well.

Discussion

Results of pre- and post-ML-05 neuropsychological testing
yielded mixed results, but overall indicated that ML-05 has
potential for improving quality of life in patients with severe TBI.
The initial improvements in visual memory and visual reasoning
at the first (7-month) post-ML-05 assessment were remarkable.
The patient’s initial (pre-ML-05) RCFT drawing during the
copy phase was typical of a patient with severe TBI resulting
in diffuse axonal injury and specific impairment to the anterior
right hemisphere of the brain. The overall gestalt of the figure
was lost in this drawing, and indicated severe problems with
executive and visual perceptual abilities. However, both at five and
especially at 36 months post-ML-05, the patient drew essentially
a normal Rey complex figure for the copy phase. Correlating
with this improvement in visual construction, improvement in
clock drawing and block design performance were also found.
Functional correlates in everyday life included improved ability
to garden and locate her tools. Her ability to remember details of
news reports on TV was probably a function of her improvement
in visual memory.

Although improvement in visual memory/executive
functioning on the RCFT copy phase have been documented in
severe TBI at six- and 12-months post injury, [41], there have

been no studies that evaluated improvement in these abilities
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this long post injury. Most clinicians would assume that this type
of improvement would not be possible given the severity of the
patient’s injury and the length of time postinjury. Additionally,
the improvement in everyday functioning suggests that SLO
improves both visual perceptual abilities, visual memory and
executive functions. A further encouraging change in the patient
after being on ML-05 was the improvement in her ability to
communicate and willingness to affiliate with others. This is
partially due to improvement in her dysarthria which made
her much more intelligible. This improvement, in addition to
changes in her cognitive functioning, resulted in increased self-
confidence. As a result of this psychological improvement, she
was able to take the risk of increased social interactions with
others. The improvement in psychological functioning from the
November 2018 test date to the June 2021 test date indicated
an overall decline in somatic symptoms, and in neurological
complaints in particular. There were decreased complaints
related to depression, notably in feelings of demoralization and
dysfunctional negative emotions. Anxiety decreased dramatically.
The ability to control anger improved. These results were found
despite results of neuroimaging performed on the patient
which found worsening atrophy over time, in addition to initial
acceleration/deceleration damage causing axonal shearing, right
frontal lobe contusion and bilateral subdural hematomas. These
findings were reviewed by a prominent neuropsychologist (E. D.
Bigler, personal communication), who was surprised that such
improvement, particularly in the RCFT, could be found in the
patient with worsening brain anatomy over time.

The results found with this patient are suggestive that ML-
05 may provide some hope for improvement in patients with
chronic severe TBI. Although there are certainly limitations of this
single case report. Improvement on the RCFT could have partially
been due to practice effects, although we believe this is unlikely
because of the five month and 31-month testing intervals, and
the lack of practice effects that have been found with the Rey. We
had no comparable control patient(s) in this study. Placebo effects
could also account for some of the improvement in psychological
functioning; however, it is believed that improvement in
psychological functioning is due to the patient’s improvement
in cognitive functioning and her ability to improve her level
of interaction with others and overall adaptive functioning.
Accordingly, studies with a larger sample size are needed to
further evaluate the effects of ML-05 under more controlled
conditions. Additional case studies and initial clinical trials of the
effects of ML-05 on TBI are expected in the future. Based on ML-
05’s mechanism(s) of action, it is hypothesized that dosing with
ML-05 should begin as soon as possible after TBI occurs.
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