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Abstract

Background—mDiabetic neuropathy (DN), a common complication of diabetes mellitus, results
from hyperglycemia, poor microcirculation and attendant nerve damage. Currently available
treatments relieve symptoms, but do not modify the neurodegeneration underlying DN. Centella
asiatica (CA) triterpenes improved microcirculation in earlier clinical studies, and showed
neurotropic effects in preclinical models suggesting a potential disease modifying effect in DN.
This 52-week, randomized, double-blind, placebo-controlled trial examined the effects of CAST, a
standardized CA extract containing triterpenes, on neuropathy symptoms in Type |1 diabetic
subjects.

Patients and Methods—The study enrolled patients with a history of Type Il diabetes, with
evidence of symptomatic symmetrical DN with total symptom score (TSS) >4, and stable HbAlc
level <8. The primary outcome measure was TSS, which assessed intensity and frequency of
parasthesia, numbness, pain and burning symptoms self-reported by patients. Secondary measures
were nerve conduction, neurological impairment score, and quantitative sensory testing.

Results—Comparing CAST (n=21) and Placebo (n=22) groups, significant reductions from
baseline for TSS (p<0.01) and paresthesia (p<0.01) were seen only in CAST treated groups.
Numbness increased from baseline only in the Placebo group (p<0.05) and was significantly
higher than for the CAST group (p<0.001). Burning sensation was reduced in both groups
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(p<0.01). Plasma triterpene levels in patients treated with CAST mirrored neurotropic
concentrations /in vitro.
Conclusions—CAST is a potential oral treatment for diabetic neuropathy, as it is well tolerated

and effective in reducing the severity of DN symptoms in patients with Type Il diabetes.
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INTRODUCTION

Peripheral neuropathy is a common complication of diabetes mellitus (DM).1 Peripheral
nerve axonal damage in diabetic neuropathy (DN) is caused by the metabolic effects of
chronic hyperglycemia, and by microangiopathy-induced peripheral ischemia.2=6 Current
treatments relieve symptoms, but do not affect progression of neuropathy.”:8

Patients with DN reportedly use complementary and alternative medicine, including herbal
medicines more often than patients with other types of neuropathy.® Centella asiatica (CA) is
an Ayurvedic herb reputed to have rejuvenating properties with particular beneficial effects
on the nervous system.10 A preparation of Centella asiatica (TTFCA; total triterpenic
fraction of Centella asiatica) improved microcirculation and reduced edema in patients with
diabetic microangiopathy,11-16 although its effects on DN symptoms or disease progression
were not explored.

In our preclinical studies,1” CA ethanolic extract and its major triterpene component, asiatic
acid (AA) promoted neurite elongation in the SH-SY5Y human neuroblastoma cell line, as
did the related compounds madecassic acid (MA) and asiaticoside (AS) (unpublished data).
The extract also strikingly enhanced axonal regeneration and recovery of motor function in
rats following sciatic nerve crush.1” These data suggest that CA triterpenes might be able to
reduce the progression of DN by direct neurotropic effects in addition to improving
microcirculation.

The present clinical trial examined the hypothesis that CA triterpenes are effective in
slowing or reversing the progression of DN. The trial was performed as a double-blind,
randomized, placebo-controlled, clinical trial of CAST™ “ Centella asiatica selected
triterpenes”, (Indena spA, Italy) in subjects with Type Il diabetes, showing symptoms of DN.
CAST is a commercial, standardized mixture of AA, MA and AS identical to TTFCA
described earlier. The trial’s primary outcome measure was total symptom score (TSS).
Secondary outcome measures included neurological impairment score, nerve conduction
studies, and quantitative sensory tests. Adverse events were also monitored. On oral
administration, AS is hydrolyzed in the gut and appears in the blood stream as AA.18
Therefore plasma levels of AA and MA were monitored in subjects receiving CAST.
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PATIENTS AND METHODS

Regulatory Compliance

Study drug

All procedures in this clinical trial were approved by the Oregon Health & Science
University (OHSU) Institutional Review Board (Protocol number 00001806) and conformed
to the guidelines of the Declaration of Helsinki and Tokyo for human research. An
investigational new drug approval (IND 77,084) for the study was granted by the United
States Food and Drug Administration. The study was registered on clinicaltrials.gov (#
NCTO00608439) and written consent was obtained from all subjects.

Centella asiatica selected triterpenes (CAST; Batch number 29086/Ml), a standardized
extract derived from Centella asiatica herb, was provided by Indena SpA (Milan, Italy). The
triterpene content reported in the certificate of analysis was 37.03% AS, 34.26% MA, and
23.01% AA by weight, which were within the specifications for CAST of 36-44% AS and
56—64% of combined MA and AA. For administration to subjects, CAST was blended with
Avicel microcrystalline cellulose PH302NF (Batch number XN05814770, FMC
Biopolymers, Newark, DE) and encapsulated to contain 60mg CAST per capsule. Placebo
capsules contained only Avicel microcrystalline cellulose, which was of an identical off-
white color to the CAST blend. Blending and encapsulation were conducted at Oregon’s
Wild Harvest (OWH), Sandy, OR, USA (now relocated to Redmond, OR, USA). Both
Indena and OWH operate in accordance with good manufacturing practice (GMP) and good
agricultural practice (GAP) guidelines. Independent evaluation of the triterpene content in
CAST was contracted to Chromadex (Santa Ana, CA, USA), while independent impurity
testing (heavy metals, pesticides, aflatoxin levels, residual solvents and microbial
contamination) of both the CAST and Avicel microcrystalline cellulose was contracted to
Coffey Laboratories (Portland, OR, USA) and OWH. CAST complied with all the required
specifications for acceptance. Triterpene content of CAST raw material, CAST blended with
microcrystalline cellulose, and individual capsules were evaluated by in house analysis at
OHSU using HPLC with ursolic acid (UA, Sigma Aldrich) as an internal standard.
Reference standards of AS, MA, and AA were purchased from Chromadex (Santa Ana,
CA). HPLC conditions consisted of a reversed phase Aquasil C18 150 x 2.1mm column,
with Thermo Unigard C18 precolumn and injection volume of 25 pl. The mobile phase (flow
rate 0.5ml / min) comprised a gradient of acetonitrile/water both containing 0.001% acetic
acid. The gradient profile was 10, 10, 50, 90, 90, 10 and 10% acetonitrile at 0, 5, 25, 40, 44,
45 and 60 minutes respectively. Eluant was monitored at 210nm. Under these conditions the
retention times were 19.2, 24.8, 27.9 and 39.2 minutes respectively for AS, MA, AA and
UA. This HPLC method was also used to evaluate the stability of CAST capsules stored at
room temperature during the entire time course of the study.

Study Subjects

Subjects with a history of type 1l DM, treated with diet, oral hypoglycemic agents, insulin,
or both, were eligible to participate. Further inclusion criteria were: evidence of
symptomatic symmetrical distal neuropathy with a total symptom score (TSS) of = 4, and
stable HbA1c level of less than 8, over the previous three months. Exclusion criteria were: 1)
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asymmetrical neuropathy of the trunk and proximal lower limbs; 2) presence of foot ulcers;
3) peripheral vascular disease (non-palpable foot pulses, intermittent claudication); 4)
myopathy; 5) possible causes of neuropathy other than diabetes such as history of alcohol
abuse, abnormal vitamin B12, antinuclear antibody, rheumatoid factor, serum protein
electrophoresis, thyroid function test, or heavy metals (lead and arsenic) level; 6)
participation in a study of any investigational drug for DN within 3 months of the study; 7)
use of any other product containing CA components in the last 3 months; 8) use of
antioxidants or Vitamin B within one month before the study; 9) severe concomitant medical
conditions including other neurological diseases; 10) pregnancy, lactation or being of child-
bearing age without birth control; 11) HbA1c level higher than 8; 12) use of any
experimental drugs in the three months prior to start of the study; 13) use of anti-coagulant
therapy (heparin or coumadin based drugs); and 14) uncontrollable hypertension, defined as
diastolic pressure greater than 110, and systolic pressure greater than 160.

Study design

Subjects who met the eligibility criteria were randomized by the Research Pharmacy at
OHSU to receive either CAST or Placebo for 52 weeks. A randomly generated sequence
was obtained from http://www.randomization.com. Subjects were individually randomized
into blocks of four as they entered the study. Treatment assignments were recorded by the
pharmacy, which dispensed the study drug to subjects. Assignments were not revealed until
the study was completed.

At an initial screening visit, subjects were interviewed, physical and neurological
examinations performed, echocardiogram (ECG) recorded, and blood drawn. The blood
sample was used to determine HbAlc level and exclude other possible causes for
neuropathy, such as abnormal levels of vitamin By, antinuclear antibody (ANA),
rheumatoid factor serum protein, heavy metals, or abnormal thyroid, liver and kidney
function. Urine was analyzed for glucose and protein in all subjects, and pregnancy in
female subjects within childbearing age (18 to 55). The following patient characteristics
were recorded: sex, age, ethnicity, BMI, blood pressure, DM duration, neuropathy symptoms
duration, and current medications.

The daily dose of CAST was escalated from 120 mg to 240 mg per day. Maximum dose was
reached by increasing the initial daily dose of 120 mg, by 60 mg every 4 weeks for the first
12 weeks. Thus subjects received 120mg, 180 mg and 240 mg for 4 weeks each and
remained at 240 mg/day;, if tolerated, for the remaining 40 week treatment phase of the
study. During the dose escalation phase, ECG, and blood and urine analysis were performed
every four weeks for safety monitoring. Safety parameters included HbAlc, CBC, liver
function test, renal function, and electrolytes. Urine was analyzed for glucose and protein in
all subjects, and for pregnancy in female subjects within childbearing age (18 to 55). Blood
samples were collected 4-5 hours after taking CAST or Placebo at each dose level in order
to check plasma bioavailability of AA and MA from CAST. During the treatment phase,
safety measures were performed every eight weeks. The primary and secondary outcome
measures were collected at each visit and assessed at weeks 1, 29 and 52. All study
procedures were conducted at the Hatfield Research Center at OHSU.
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Outcome measures

Primary outcome measure—The primary outcome measure was total symptom score
(TSS).19 For TSS, the patient rated each of the four symptoms (pain, burning, paresthesia
and numbness) based on both intensity and frequency, as previously described.1® Scores for
individual symptoms ranged from 0 to 3.66 and the total score ranged from 0 to 14.64.
Those patients with TSS > 4 at baseline were eligible for this study.

Secondary outcome measures—Secondary outcome measures included neurological
impairment score (NIS), nerve conduction studies (NCS), and quantitative sensory test

(QST).

1. NIS: NIS was derived from examination of four parameters: ankle reflex, vibration
perception, pinprick and temperature (cold-tuning fork) sensation at the great toe of each
foot. Reflexes were scored as normal (0), present with reinforcement (1), or absent (2). The
sensory modalities were scored as either normal (0) or reduced/absent (1). Each side was
scored separately. Thus the total score ranged from 0 (normal) to 10 (worst).20-22

2. NCS: The American Diabetic Association (ADA) has published a consensus
recommendation on electrodiagnosis in clinical trials in DN.23 Olney has reviewed the
sensitivity and reproducibility of nerve conduction studies and quantitative sensory testing in
clinical trials for polyneuropathy.24 The following electrodiagnostic tests were performed,
based on the recommendation from these two articles.

NCS evaluates large sensory fibers and motor fibers. We performed motor nerve conduction
studies of the median and the peroneal nerves and sensory nerve conduction studies of the
radial and sural nerves of the worse side. For the median motor nerve conduction study, we
recorded the compound muscle action potential (CMAP) from the abductor pollicis brevis
muscle and stimulated at the wrist and the elbow. For the peroneal motor nerve conduction
study, we recorded CMAP from the extensor digitorum brevis muscle and stimulated at the
ankle, the fibular head and behind the knee. For the radial sensory nerve conduction study,
we recorded the sensory nerve action potentials (SNAPs) from the first interdigital space
with stimulation at the forearm 14 cm from the recording site. For the sural sensory nerve
conduction study, we recorded the SNAPs from behind the lateral malleolus at the ankle
with stimulation at the calf 14 cm from the recording site. We used Dantec Keypoint EMG
machine to perform all the studies. The same investigator performed all NCS to eliminate
inter-examiner variability. To minimize intra-examiner variability, we also controlled the
following factors: 1) using specified stimulation and recording sites recommended by
Kimura2®; 2) maintaining skin temperatures above 31°C for the leg and above 32°C for the
forearm; 3) submerging the limb in warm water if needed; 4) setting the filter at 20-2000 Hz
bandpass for sensory studies and 2—10,000 Hz bandpass for motor studies; 5) measuring
CMAP amplitude from the baseline to the negative peak and SNAP amplitudes from the
positive peak (if present) or baseline to the negative peak; and 6) averaging SNAP, if
necessary, to improve the signal-noise ratio, and averaged motor nerve conduction velocities
because they have been shown to be most informative in polyneuropathy clinical trials.24
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3. QST: QST is a relatively simple, non-invasive method that determines the absolute
sensory threshold for sensory modalities including vibration (testing large myelinated
fibers), temperature threshold (testing small myelinated fibers), and pain (small
unmyelinated fibers). We used the CASE IV QST system to perform the test.2% For this
study, we recorded thresholds for vibration and cooling at the great toe of the foot and the
dorsum of the index finger on the dominant side.

Adverse Events

Adverse events were recorded at each visit. Severe adverse events (SAEs) were defined as
events that were life-threatening or resulted in hospitalization, permanent disability, cancer,
death, or other significant outcome.

Statistical Analysis

We performed an intention-to-treat analysis by constructing a joint linear mixed-effects
model (joint LMM) for each outcome measure. The fixed effects portion consisted of CAST
treatment as a factor using Placebo as the baseline covariate, the multiple time points (weeks
29 and 52) and baseline outcome measures as covariates, and an interaction term relating the
covariate of time to CAST treatment. The random-effects portion was designed with
individual subjects as the grouping variable adjusting for both the intercept term and within-
subject repeated effects for the multiple time points. Outliers were identified for each
outcome measure with jack-knifing using the overall Cook’s distance and standardized
difference of the betas.

We also performed individual linear mixed-model analysis (individual LMM) to evaluate the
CAST and Placebo groups individually using the same random-effects model but with a
reduced fixed-effects design consisting only of the multiple time points and baseline
outcome measure.

In addition to the joint and individual LMMs, we used distribution comparisons to assess
differences in mean or median one-year change in the thirteen outcome measures (TSS total
score, four TSS subscores, SNAP, CMAP, NCV, NIS, vibration threshold in hand and foot,
and cooling threshold in hand and foot) between the CAST and the Placebo groups. We ran
distribution comparisons using either a Student t-test or Mann-Whitney U Rank-Sum test
depending on normality of the outcome measure density. All statistical analyses were
determined using R 2.15 with additional utility from the ‘ggplot2’, ‘nortest’, ‘Ime4’, ‘nlme’
and “influence.ME’ packages.2’-32

Analysis of CAST triterpenes in subject plasma samples

Calibration curves—BIlank human plasma, from volunteers not participating in the study
was spiked with increasing doses of AA and MA as well as an internal standard (chrysin 20
ng/mL plasma). Each calibrant was prepared in triplicate. Calibration curves were generated
(0- 500 ng/mL plasma for MA, and 0-1000 ng/mL plasma for AA). Plasma sample clean up
was performed using solid phase extraction on Supelco Supelclean ™ LC-8 3mL SPE
cartridges (Sigma Aldrich). Cartridges were pre-conditioned using methanol (2ml) followed
by water (2ml). Spiked plasma samples (250ul) were treated with an equal volume of 27%
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orthophosphoric acid, vortex-mixed and applied to the SPE column, applying gentle pressure
with a syringe. After a period of 5 min, the SPE column was washed with 2% formic acid
(2ml), which was discarded, and then eluted with methanol (2 x 1ml). For conditioning,
wash and eluting solvents, flow was achieved by spinning the SPE columns in centrifuge
tubes at 2000 rpm for 1 minute (Beckman CS 6R bench centrifuge). The combined final
methanol eluates were dried under vacuum (Thermo Electron Corporation SC250EXP
Speedvac concentrator) and resuspended in 1:1 methanol: ammonium acetate buffer pH 8.5
(200ul). All samples were filtered (Millipore Ultrafree 0.22 um centrifugal filters) prior to
LC/MS analysis. Calibration curves of peak area of analyte vs concentration of analyte, or
peak area ratio of analyte/chrysin vs concentration of analyte were constructed for MA and
AA.

LC-MS/MS Conditions—The analytical method used was a modification of that
described by Nair et a/33 Liquid chromatography/electrospray ionization tandem mass
spectrometry (LC-MS/MS), was performed on an Applied Biosystems Q-Trap 4000 LC-MS
instrument. Chromatographic separation was achieved using a Poroshell 120 EC18, 3mm x
50mm, 2.7u column with Poroshell UHPLC guard, eluting with a gradient of methanol and
10mM ammonium acetate pH 8.5 buffer; % methanol 60, 60, 75, 95, 95, 60, and 60 at 0, 0.7,
1.4,2.0,4.6,5.1,5.9, and 6.0 mins; flow rate 0.42 ml /min, injection volume 20pL.
Detection of AA and MA was by positive ion ESI- MS/MS of their ammonium adducts with
selective reaction monitoring. (MA 522— 451; AA 506— 453). The chrysin MH* ion was
monitored at m/z=255. Retention times for the compounds were chrysin 2.44 min, MA 2.60
min and AA 2.77 min.

Analysis of subject plasma—After unblinding, plasma samples which had been
obtained from fourteen CAST-treated patients were subjected to clean up and LC-MS
analysis. Samples were prepared in duplicate for each patient at weeks 0, 29 or 52. Samples
consisted of 230pl of plasma to which chrysin (250 ng/mL; 20pl) was added. AA, MA and
chrysin were detected by LC-MS/MS as described above, and levels of AA and MA were
determined by reference to the calibration curves.

RESULTS

Subjects

Forty-three subjects (age 42—80 years) meeting the inclusion/exclusion criteria enrolled in
the study. Thirty-three subjects completed the study (Fig 1). Ten dropped out of the study for
the following reasons: bladder cancer (1), abnormal liver function (1), flare-up of a pre-
existing skin condition (1), breast tenderness of unknown etiology (1), other unstable
medical condition (1), non-compliance (5), and moved out of state (1).

Baseline characteristics of study subjects are shown in Table 1. There was no significant
difference in weight (p=0.11) or HbAlc level (p=0.29) at baseline in individuals receiving
CAST compared to Placebo. Furthermore, there were no significant changes in weight from
baseline at one year in CAST (A=0.47+ 0.61 kg; p =0.45) or Placebo (A=1.51+ 1.21 kg; p
=0.23) groups. There was no significant change in HbAlc from baseline at one year in the
Placebo group (A=0.41+ 0.22; p =0.08); however, a significant change was observed in the
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CAST group (A=0.42+ 0.18; p =0.04). Omission of the HbA1c values from the most
outlying subject in the CAST group from the analysis (A=+2.2) resulted in an insignificant
change from baseline at one year (A=0.3+ 0.16; p =0.08). The outlying subject in CAST
group had a history of ulcerative colitis and chronic progressive renal failure, and self-
reported a significantly altered diet, high in carbohydrates, in the month preceding the final
HbA1c sample collection.

Content and stability of CAST

The content of AS, MA and AA in CAST, reported in the original Certificate of Analysis
from Indena, was 37.0% AS, 34.3% MA and 23.0% AA by weight, which were within
Indena’s specifications of 36-44% AS and 56-64% of combined MA and AA. In house
HPLC analysis, confirmed each capsule contained 60mg of CAST. Regular stability testing
demonstrated that the triterpene content of capsules stored at room temperature remained at
> 90% of the starting value for the 3-year duration of the clinical trial.

Primary Outcome Measure

At baseline, mean TSS and all four sub-scores recorded for both the CAST and Placebo
groups were statistically comparable (Table I; p = 0.41). Subjects receiving CAST exhibited
a significantly reduced TSS score over the course of one year. Furthermore, the reduction in
TSS after one year was greater in the CAST group than that in the Placebo group (t=1.71,
p=0.09; Fig 2A). Joint linear mixed effects model (LMM) analysis showed time as a
significant linear predictor of variation in TSS score for both groups (t=—2.95, p<0.01),
however, subsequent individual LMM analysis revealed time was a significant linear
predictor for TSS variance for CAST (t=-2.76, p<0.01), but not Placebo (t=-1.05, p=0.300).

Subjects randomized to receive CAST exhibited significantly reduced scores for parasthesia
(individual LMM; t= —3.27, p<0.01) and burning (individual LMM; t=2.77, p<0.01) over the
course of one year (Fig 2B). Burning was the only symptom for which significant reduction
from baseline was also observed in the Placebo group (individual LMM; t=-3.20; p<0.01).
Despite an insignificant reduction in mean numbness score for CAST (t=-1.42, p=0.165), a
significant increase in numbness score was observed in individuals randomized to receive
Placebo (individual LMM; t=2.10, p=0.042). Furthermore, comparison of the one-year
change for numbness showed significant differences in median outcome measure between
CAST and Placebo groups (W=235, p<0.001). Finally, while a reduction and increase in
pain scores from baseline were observed for CAST (A= -0.280) and Placebo (A= 0.417)
groups respectively, variance in pain scores from baseline were not significant for either
group (Individual LMM: Placebo t=1.18, p=0.247; CAST t=-0.821, p=0.418), nor were
groups significantly different from each other (W=186; p=0.150).

Nerve conduction studies

There was no difference in mean sensory nerve action potential (SNAP), compound muscle
action potential (CMAP), or nerve conduction velocity (NCV) values at baseline between
the CAST and Placebo groups (Table I). Upon study completion, neither joint LMM nor
individual LMM analysis showed any significant linear association for time or for CAST
and/or Placebo time interaction with SNAP, CMAP, or NCV (Fig 3). Despite lack of
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significance in the one year change in mean SNAP scores, a notable reduction trend from
baseline was observed for Placebo (A=—1.645+1.518; individual LMM; t=—1.084 p=0.29) in
contrast to CAST group (A=1.47+2.38; individual LMM; t=0.617 p=0.55), however, there
was no significant difference in median outcome between CAST and Placebo groups for
SNAP or any of the other nerve conduction studies (Fig 3).

Neurological Impairment Score (NIS) and quantitative sensory testing (QST)

There were no differences in NIS, hand and foot vibration thresholds, or hand and foot
cooling thresholds between the CAST and Placebo groups at baseline (Table I). Average
values and standard deviations for NIS and QST observed during the study are displayed in
Table Il. Upon study completion, NIS, foot vibration and cooling thresholds all exhibited
non-significant effects for main-effect time in the joint LMM analysis, CAST-time
interaction in the same model, time in the CAST-specific model, and time in the Placebo-
specific model. Furthermore, there was no difference in median one-year change in NIS,
hand and foot vibration thresholds, or hand and foot cooling thresholds outcomes between
the CAST and Placebo group.

Independently, time predicted variance in hand vibration threshold in both joint LMM (t=
-2.26, p=0.029) and individual LMM analysis (CAST: t= -2.61, p=0.017; Placebo: t=
-2.27, p=0.034), however, there was no significant association of the CAST-time interaction
effect nor was there a difference in mean hand vibration threshold after one year. A
significant association was similarly observed in hand cooling threshold with main-effect
time in the joint LMM (t= -2.02, p=0.049) as well as individual LMM (CAST: t= 2.44,
p=0.024; Placebo: t= —2.25, p=0.035). The hand cooling threshold showed the interaction of
CAST-treatment to time to be a significant source of variance in the joint LMM model
(t=3.22, p<0.001) with the median one-year change in hand cooling threshold differing
between the CAST and Placebo group (W=68.5, p<0.01). The interaction coefficient and
differences in median indicate there is an increase in hand cooling threshold for the CAST
cohort.

Safety Profile

Twenty-nine of 43 randomized subjects (67%) experienced at least one adverse event (AE).
The proportion of patients who experienced at least one AE in the Placebo (56%) and in the
CAST (80%) groups was not significantly different (p-value = 0.1). However, the odds ratio
of having an AE was 3.5 times higher, and the relative risk of an AE was 1.4 times higher
for subjects on CAST compared to placebo. AEs included transient abnormal liver and
kidney function or gastrointestinal symptoms, which resolved on their own. Abnormal
electrocardiograms (ECGs) were noted in some subjects and were linked to either pre-
existing conditions, or returned to normal on subsequent tests. All AEs were minor.

Plasma analysis of CAST triterpenes

Separation of AA, MA and chrysin (internal standard) was achieved using high performance
liquid chromatography (HPLC). A sensitive signal with minimal background noise was
obtained using tandem mass spectrometry (MS/MS). Calibration curves obtained by plotting
area of AA or MA vs concentration gave better linearity (r2 = 0.99) than those plotted for
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area ratio to chrysin (r2 = 0.89 and 0.91 for AA and MA respectively). We therefore used the
area versus concentration graphs to determine the concentration of AA and MA in plasma.
In patients who received CAST, plasma concentrations of AA (mean £ SEM) at 29 and 52
weeks were 242 + 33 ng/ml and 282 + 45 ng/ml respectively. The concentrations of MA
were much lower at 21 + 6 ng/ml and 33 £ 9 ng/ml at 29 and 52 weeks respectively. The
molar concentrations of AA and MA in plasma at baseline, 29 weeks and 52 weeks are
given in Table IlI.

DISCUSSION

The objective of this study was to assess the utility of CAST in the treatment of DN. Several
studies show that TTFCA, a product identical to CAST, ameliorates vascular conditions,
such as venous insufficiency,3* venous hypertensive angiopathy,12 and airline flight
angiopathy,3® and improves microcirculation in patients with hypertensive or diabetic
microangiopathy.11-16 CA is reported to increase capillary permeability and
microcirculatory parameters in diabetic patients.11:13 In a study involving diabetic patients
with or without neuropathy and normal subjects, participants received either placebo or
TTFCA (120 mg daily) for 12 months.15 In both diabetic groups, but not the normal group,
resting skin flux, venous arteriolar pressure, and rate of ankle swelling improved with
TTFCA. This study demonstrated that TTFCA may be useful to improve diabetic
microangiopathy — a possible causative factor for peripheral nerve damage in diabetes.
However, the effects of TTFCA on DN symptoms were not evaluated in that study.1®

The present double-blind, placebo-controlled study in which 43 patients with DN were
randomized to receive up to 240mg of CAST or Placebo for 52 weeks, demonstrated that
CAST (a product identical to TTFCA) significantly improves subjectively-reported
symptoms associated with DN. In contrast, individuals randomized to Placebo subjectively
reported significantly increased numbness and exhibited a trend of worsening mean SNAP.
To the best of our knowledge, this is the first study to show that an extract of Centella
asiatica is beneficial for neurological symptoms in patients with DN. Of the 13 outcome
measures evaluated, hand cooling threshold is the only measure suggesting a potential
negative effect due to CAST treatment.

Tight glycemic control is currently the most effective treatment to delay onset and slow the
progression of DN. In patients with insulin-dependent DM, intensive glycemic control
significantly reduced the progression of neuropathy.36-38 However, the results in our study
were not likely mediated by a better glycemic control. The HbAlc levels in all but one
subject remained constant in both treatment and Placebo groups throughout the study.

This study utilized a method for the simultaneous detection of MA and AA in plasma by
LC-MS, whereas most previously reported methods.18:33:3940 have focused on AA alone.
While there was considerable variation in the AA and MA concentrations of the patient
samples that were analyzed, the mean values are consistent with previous reports on the
pharmacokinetics of asiatic acid in human plasma.3° The variability in AA and MA
concentrations between subjects could reflect inter-subject variability in absorption and
distribution, different levels of adherence to the treatment, or could be due to samples being
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taken at different points in the pharmacokinetics of CAST for each subject. In this study,
sampling time after administration was not strictly standardized and relied on patients’ self-
reports on time from last dose of CAST. Significantly, the plasma levels of AA were of a
similar order to the concentration found to stimulate neurite extension /n vitro (1 pM)1?
suggesting that therapeutic levels may have been achieved with the CAST dosage used in
this study. The levels of MA were approximately one tenth of those of AA, although MA
comprises around 45 mol % of the triterpenes delivered by CAST. The unexpectedly low
plasma levels of MA may reflect poorer absorption, more extensive metabolism and/or more
rapid elimination compared to AA. More detailed pharmacokinetic studies are needed to
determine peak and steady state plasma levels of AA and MA achieved at this dose of
CAST. Future studies could also evaluate whether peak plasma concentrations of AA and
MA correlate with TSS improvement.

From this study alone, the mechanism by which CAST improves sensory symptoms is not
clear. The improvements seen may be related to an effect of triterpenes on microcirculation
as suggested by studies on TTFCA, or an actual improvement in neurological status — either
by a neuro-regenerative or a neuroprotective effect as demonstrated in our preclinical work.
17 Although we did not measure markers of oxidative status in our study, antioxidant
properties of CAST may also contribute to its effects. AA is known to improve antioxidant
status in rats with streptozotocin induced diabetes*! and diet induced metabolic syndrome.42
Hyperglycemia increases oxidative stress and there is considerable evidence that free radical
mediated oxidative stress plays a role in the development of DN.#3 Alpha-lipoic acid a
potent antioxidant used in complementary medicine has been extensively evaluated in
placebo-controlled trials in DN. Multiple meta-analyses21:22:44-47 support the effectiveness
of alpha lipoic acid in reducing neuropathic symptoms including pain, burning and
numbness and neuropathic deficits (pin prick and touch/pressure sensation).

The present study showed that CAST is effective in reducing symptoms of DN. A CAST
dose of up to 240 mg for one year was well tolerated in this study. A higher dose of CAST
for more than 52 weeks may produce a more robust effect on other subjective symptoms and
objectively measured neuropathic parameters. Therefore, a longer study, in a larger cohort, at
a higher dosage, may demonstrate more definitively that CAST can slow the progression of
nerve damage in DN.

CONCLUSIONS

Diabetic neuropathy (DN), a common complication of diabetes mellitus, results from nerve
damage caused by chronic hyperglycemia and microangiopathy-induced ischemia. Current
treatments relieve symptoms, but do not modify the neurodegeneration underlying DN. In
this study we showed that CAST, a highly standardized preparation of selected CA
triterpenes, was effective in reducing the severity of DN symptoms and was well tolerated up
to 240 mg/day for 1 year in patients with Type Il diabetes affected by DN. Based on the
results of this study, we believe that with further development, CAST, its constituent
triterpenes or their derivatives, may provide a novel approach to reducing or reversing nerve
damage in DN.
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Assessed for eligibility (n=53)
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* Not meeting inclusion criteria (n= 10)

-

Randomized (n=43)

Y
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Allocated to intervention: CAST (n=21)
*Received allocated intervention (n=21)

Allocated to intervention: Placebo (n=22)
*Received allocated intervention (n=22)

Completed Study (n=17)
Discontinued intervention (n=4)
1. Liver toxicity (n=1)
2. Breast Tenderness(n=1)
3. Bladder Cancer (n=1)
4. Flare-up of pre-existing skin
condition (n=1)

v

v

Completed Study (n=16)
Discontinued intervention (n=6)
1. Unstable medical condition (n=1)
2. Non compliance (n=3)
3. Moved out of state (n=1)
4. Study terminated prior to
completion (n=1)

v

Analyzed (n=21)
*Excluded from analysis (n=0)

Analyzed (n=22)
*Excluded from analysis (n=0)

Fig 1.

Flow diagram of the progress through the phases of the 2-group parallel randomized trial
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A.) Total Change in Symptom Scores B.) Total Change in Symptom Subscores
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Fig 2. Reduction in Total and Individual Symptom Scores after oneyear in CAST and Placebo
roups.
gEj)ataloare displayed as mean change in score + standard error. Mean TSS reduced over the
course of one year in both CAST and Placebo groups, however, individual LMM analysis of
the variance was significant for CAST only (**, P<0.01). Comparatively, TSS in CAST
reduced notably more than Placebo group upon study completion (P=0.09). Individual LMM
analysis revealed a significant increase in numbness for Placebo (*, p <0.05) but not CAST,
and a significant decrease in paresthesia (**, P < 0.01) for CAST but not Placebo. In
addition, median change in numbness score between CAST and Placebo group was
statistically different (***, P<0.001) with a significantly increased score in Placebo (*,
P<0.05) and decreased score in CAST (P=0.165). Burning decreased significantly in both
groups (**, P <0.01), while pain was unchanged in both CAST and Placebo groups.
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A) Sensory Nerve AP Amplitude (SNAP) B) Motor Nerve AP Amplitude (CMAP) €.) Nerve Conduction Velocity (NCV)
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Fig 3. Nerve conduction studiesin CAST and Placebo groups at baseline, Week 29, and Week 52.
Data are displayed as mean + standard error. No significant changes from baseline, or

differences between groups were observed.
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Table I.

General demographic and neurological characteristics of patients at baseline.

Parameter CAST Placebo
N 21 22

Age (years) 64.4£10.1 65.6+9.1
Male Sex 16 (76.2) 15 (71.4)
Caucasian 20(95.2) 19(86.4)
DM duration (years) 10.6+9.1 10.548.3
Weight (kg) 97.9+18.9  106.6+26.0
HbAlc Units 6.8+0.7 6.6+0.6
TSS 7.4%3.0 8.1+2.5
Pain 2.0£1.2 1.9+1.2
Burning 1.3+1.1 1.6+1.1
Parasthesia 1.9+1.1 2.0£0.9
Numbness 24411 2.6+0.9

Nerve conduction studies

SNAP amplitude (uV) 18.5+12.1  16.0+9.7
CMAP amplitude (mV) 10.9+¢4.1  8.7¢4.0
Motor NCV (m/s) 47.6+4.7 42.3+£9.4
NIS 7.3£2.0 8.3+2.0
QST (JND)

Vibration - foot 23.245.2 24.1+5.6
Temperature — foot 18.2+7.1 19.5+8.0
Vibration — hand 14736  155+34
Temperature — hand 10.5+2.8 12.546.2

Data are indicated as n (%) or mean + standard deviation. CAST - Centella asiatica selected triterpenes; CMAP — Compound Muscle Action
Potential; DM - Diabetes Mellitus; JND - Just Noticeable Difference; NCV — Nerve Conduction Velocity; NIS — Neurological Impairment Score;
QST - Quantitative Sensory Test; SNAP — Sensory Nerve Action Potential; TSS — total symptom score.
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Neurological Impairment Score and Quantitative Sensory Testing at baseline and at Week 29 and 52 in CAST

and Placebo groups.

CAST Placebo
Parameter

Baseline Week 29 Week 52 Baseline Week 29 Week 52
Total NIS score  7.3+2.0 7.4+2.3 7.1+2.6 8.3+2.0 8.4+1.8 8.5+1.8
QST
Foot vibration 232452 22.6¥45 218454 24156 22.1+4.6 23.1+53
Foot cooling 18.2+7.1 18.748.4 19.9+7.1 195+#8.0 17.5+6.6 18.7+85
Hand vibration ~ 14.7#3.6 13528 13.1+2.6 155+3.4 144+48 13.8+35
Hand cooling 10.5+2.8 10.8+x2.7 11.7+2.8 125+#6.2 11.7#49 10.7#5.4

Data are indicated as mean + standard deviation. CAST - Centella asiatica selected triterpenes, NIS — Neurological Impairment Score, QST —

Quantitative Sensory Test

Esper Dermatol. Author manuscript; available in PMC 2019 May 10.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Lou et al.

Table Ill.

Mean Plasma triterpene concentrations in samples from 14 patients treated with CAST.

ANALYTE Baseline Week 29 Week 52

Asiatic acid (AA) 0.00+0.03pM  0.48+0.07uM  0.56 + 0.09 pM
Madecassic acid (MA) 0.00+0.01pM  0.04+£0.01uM  0.07 £ 0.02 M

Data are indicated as mean + standard error.
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