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1) Abstract:
g Background. Oxidative stress contributes to cellular damage across many
tissues. Phyllanthus emblica L. (amla; Phyllanthaceae) fruit is distinctive in
Published on: combining ascorbate with a hydrolysable tannin fraction — emblicanin A,
04.08.2026 emblicanin B, punigluconin and pedunculagin — whose antioxidant activity

Published by: exceeds the contribution of the fruit’s vitamin C alone.
Objective. To appraise the phytochemistry, antioxidant mechanisms and
Futu?isti.c domain-specific evidence relevant to Bio C, which supplies 900 mg of dried
Publications amla fruit extract with 80 mg of vitamin C per serving, separating ingredient-
2026] All  rights level from finished-product evidence throughout.
reserved. Review approach. PubMed, Web of Science, Scopus, Google Scholar and the
@ Cochrane Library were searched for systematic reviews, randomised trials,
pharmacokinetic studies and mechanistic reports, each graded against a five-tier
hierarchy ending in product-specific evidence.
Creative Commons

Attribution 4.0
International
License.

Principal findings. The antioxidant and metabolic domain is most mature:
randomised trials of standardised extract lowered malondialdehyde and raised
nitric oxide and glutathione at 250—500 mg twice daily, reduced 8-hydroxy-2'-
deoxyguanosine at 500 mg/day, and improved the lipid profile over 12 weeks,
with a meta-analysis of nine trials reporting lipid and inflammatory benefit that
its authors qualified for substantial heterogeneity. A double-blind placebo-
controlled trial of amla monotherapy at 2000 mg/day reduced heartburn and
regurgitation in non-erosive reflux disease. Skin and hair rest on mechanistic
work with an oral randomised trial of a lingonberry—amla combination and an
uncontrolled topical serum study. Ocular relevance is confined to ascorbate
physiology; the AREDS base requires 500 mg vitamin C with vitamin E, zinc,
copper and carotenoids and is not transferable.

Limitations. Finished-product randomised trials are largely absent across this
category, so the appraisal is ingredient-level; extract chemistry varies widely,
making marker standardisation the principal quality requirement.

Conclusion. Within the Food Safety and Standards Authority of India
framework, supplements of this composition are well positioned for daily
antioxidant and nutritional support, with the digestive, hair, skin and eye
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associations communicable as documented in Ayurvedic traditional use. Disease-
specific claims remain a separate category requiring product-specific trials.

Keywords: Phyllanthus emblica; amla; vitamin C; hydrolysable tannins;
antioxidant; nutraceutical claim substantiation

e Amla pairs ascorbate with a hydrolysable tannin fraction, not vitamin C alone.

e Only the antioxidant domain rests on randomised trials and a meta-analysis of amla.
e Marker standardisation, not dose, is the principal quality-control gap.
e Ayurvedic tradition underpins the domains where modern trial evidence is thinnest.
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Graphical abstract. Left: the two Bio C ingredients arranged by formulation purpose — dried amla fruit
extract 900 mg, resolved into its ascorbate, hydrolysable tannin, phenolic acid and flavonoid fractions, and
vitamin C 80 mg as the nutritional ascorbate contribution — together with the principal quality-control
gap. Right: an evidence ladder placing each proposed benefit domain at the single tier corresponding to the
strongest evidence available for it, from randomised trials at the base to not establish at the upper bands.
The apex tier's product-specific evidence for Bio C is uncoloured and outlined with a broken line to
indicate it is empty.

Abbreviations

8-OHdG, 8-hydroxy-2'-deoxyguanosine; AMD, age-related macular degeneration; ApoAl, apolipoprotein
Al; ApoB, apolipoprotein B; ARE, antioxidant response element; AREDS, Age-Related Eye Disease
Study; CAT, catalase; FSSAIL Food Safety and Standards Authority of India; GERD, gastroesophageal
reflux disease; GPx, glutathione peroxidase; GSH, reduced glutathione; HDL, high-density lipoprotein;
HPLC, high-performance liquid chromatography; HPTLC, high-performance thin-layer chromatography;
hs-CRP, high-sensitivity C-reactive protein; ICMJE, International Committee of Medical Journal Editors;
ICMR-NIN, Indian Council of Medical Research—National Institute of Nutrition; LDL-C, low-density
lipoprotein cholesterol; MDA, malondialdehyde; MMP, matrix metalloproteinase; NERD, non-erosive
reflux disease; NO, nitric oxide; Nrf2, nuclear factor erythroid 2—related factor 2; PK, pharmacokinetics;
QC, quality control; RCT, randomised controlled trial; RDA, recommended dietary allowance; RNS,
reactive nitrogen species; ROS, reactive oxygen species; RPE, retinal pigment epithelium; SIRT1, sirtuin
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1; SOD, superoxide dismutase; SVCT, sodium-dependent vitamin C transporter; TC, total cholesterol; TG,
triglycerides; UL, tolerable upper intake level; UV, ultraviolet; vWF, von Willebrand factor.

1. Introduction

1.1 Oxidative stress and nutritional antioxidant defence

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are continuously generated through
mitochondrial respiration, inflammatory signalling, xenobiotic metabolism and, in surface tissues,
environmental insults such as ultraviolet radiation and air pollutants. Macromolecular damage accrues
once ROS production exceeds endogenous defences, including superoxide dismutase, catalase, glutathione
peroxidase, glutathione, urate and bilirubin reservoirs " 2. Lipid peroxidation in cellular and lipoprotein
membranes, oxidative protein modification, and accumulation of oxidative DNA lesions such as 8-
hydroxy-2'-deoxyguanosine (8-OHdG) collectively drive the pathobiology of atherosclerosis,
neurodegeneration, photoageing and retinal degeneration. Dietary antioxidants — ascorbate, polyphenols
and carotenoids — are routinely investigated as adjuncts that may shift the redox balance back towards
physiological equilibrium.

1.2 Nutraceutical importance of amla and vitamin C

Phyllanthus emblica L. (syn. Emblica officinalis Gaertn.; amla, Indian gooseberry; family Phyllanthaceae)
is widely studied in modern nutraceutical research and is recognised as more than a vitamin C reservoir
because of its hydrolysable tannin fraction *™*. The fruit simultaneously delivers ascorbate and a
polyphenol-tannin complex, an arrangement that produces documented antioxidant responses in metabolic
syndrome, dyslipidaemia and healthy adults at daily doses of 500-1000 mg of standardised extract ® .
Vitamin C contributes directly as a reductant, recycles the a-tocopheroxyl radical and supports enzymatic
cofactor functions including prolyl and lysyl hydroxylase activity in collagen biosynthesis . The two
constituents are therefore conceptually complementary rather than redundant.

1.3 Rationale for the Bio C formulation

Bio C supplies 900 mg of dried amla fruit extract together with 80 mg of vitamin C (ascorbic acid) per
serving. The combination is designed to leverage the polyphenol-driven antioxidant activity of amla and to
reinforce the nutritional ascorbate pool that supports collagen cofactor functions and glutathione recycling.
The formulation is positioned as a daily nutraceutical supporting antioxidant defence and general
nutritional adequacy.

1.4 Objective and scope of the review

The review centres on Bio C and evaluates six evidence domains: antioxidant activity; gastroesophageal
symptom support, particularly non-erosive reflux disease; vitamin C stability, absorption, bioavailability
and retention; ocular antioxidant defence and age-related macular degeneration (AMD) relevance; skin
health; and hair biology. In the critical appraisal of Section 14, these six domains resolve into seven
appraisal strands, because the ocular domain is graded separately for general ocular antioxidant relevance
and for AMD-specific protection, and the vitamin C disposition domain is graded for prolonged systemic
retention as a distinct claim. Safety, quality control and regulatory positioning are addressed separately.
Throughout, ingredient-level evidence is rigorously distinguished from finished-product evidence; only the
antioxidant and nutritional-support domain rests on randomised trials at doses near the 900 mg amla
fraction that Bio C delivers. The remaining domains are framed as biologically plausible, mechanistically
supported, or supported only at preliminary clinical level until product-specific studies are completed.

2. Literature Search Strategy and Evidence Evaluation

2.1 Databases and search period

Published literature was searched in PubMed, Web of Science, Scopus, Google Scholar and the Cochrane
Library, with supplementary hand-searching of the reference lists of identified review articles. Full texts of
the retrieved records were assembled and screened as a single working corpus covering amla, Phyllanthus
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emblica, Emblica officinalis and related reviews. The search window covered primarily 2000 to the
present, while seminal works on amla polyphenol chemistry and ascorbate metabolism were retained
regardless of date.

2.2 Search terms

Search strings combined Phyllanthus emblica, Emblica officinalis, “amla” and “Indian gooseberry” with
domain-specific descriptors including “antioxidant”, “malondialdehyde”, “MDA”, “glutathione”, *“8-
OHdG”, “gastroesophageal reflux”, “non-erosive reflux disease”, “NERD”, ‘“age-related macular
degeneration”, “AMD”, “AREDS”, “bioavailability”, “pharmacokinetics”, “skin ageing”, “collagen”,
“SIRT1”, “tyrosinase”, “melanogenesis”, ‘“hair growth”, “Sa-reductase”, “alopecia”, “androgenetic

EEINNT3 RT3 EEINNT3

alopecia”, “metal chelation”, “polyphenols”, “safety” and “drug interaction”. Vitamin C—specific searches

also included “ascorbic acid bioavailability”, “vitamin C retention”, “stability”, “oxalate” and “tolerable
upper intake level”.

2.3 Eligibility criteria

Included were systematic reviews and meta-analyses, randomised controlled trials, controlled
observational studies, pharmacokinetic studies, mechanistic experiments on cells, and animal studies where
these directly informed human biology. Editorials, conference abstracts without full text, and non-English
publications without translation were excluded. Animal and in vitro studies were retained only where they
provided mechanistic context for human endpoints. Multicomponent formulation studies were retained
with explicit acknowledgement that the amla contribution cannot be isolated. Studies of Phyllanthus
species other than P. emblica were admitted only as congeneric supporting evidence and are identified as
such wherever cited.

2.4 Evidence hierarchy

Evidence was grouped into five tiers: clinical (human RCTs), preclinical (animal models), mechanistic
(cell-based or biochemical), formulation-specific (trials of standardised amla extracts with disclosed
composition), and product-specific (trials of the actual Bio C finished product). This hierarchy is used
throughout the review to prevent experimental findings from being presented as established clinical
efficacy for Bio C. The hierarchy operates within a wider framework of four claim-substantiation pillars —
phytochemical plausibility, standardisation and bioavailability, clinical evidence for the ingredient class,
and regulatory compliance — which is set out in Figure 3 and applied in Section 13.

3. Bio C: Formulation Profile and Product Rationale
3.1 Product composition

Bio C delivers two principal ingredients per serving: 900 mg of dried amla fruit extract and 80 mg of
vitamin C (ascorbic acid). The amla extract provides the polyphenol and tannin foundation that
distinguishes the formulation from a vitamin C—only product, while the added ascorbate reinforces
nutritional antioxidant status and supports enzymatic cofactor activity. The declared composition is
summarised in Table 1, and the marketed presentation and label declaration are shown in Figure 1.

Table 1: Declared composition of Bio C per single daily serving.

uantity per
Active ingredient Q -y P Principal rationale
serving
Amla dried fruit Polyphenols, hydrolysable tannins and botanical antioxidant
900 mg . [23,10]

extract activity
Vitamin C (ascorbic Nutritional antioxidant activity and collagen-formation

. 80 mg [9,11,12]
acid) cofactor
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Fig 1: Bio C as marketed: composition per serving and label declaration. The product supplies 900 mg of
dried Phyllanthus emblica L. fruit extract, providing hydrolysable tannins (emblicanin A and B,
punigluconin, pedunculagin), phenolic acids (gallic and ellagic acid) and flavonoids (quercetin,
kaempferol), together with 80 mg of vitamin C (ascorbic acid). The label declares the 80 mg of ascorbate
as 100% of the ICMR-NIN 2020 recommended dietary allowance and carries the statement “not for
medicinal use”, consistent with the nutraceutical positioning argued throughout this review.

3.2 Functional rationale for combining amla and vitamin C

The combination is intended to support complementary activity. Ascorbate donates electrons directly to
neutralise ROS and recycles other antioxidants, including the a-tocopheroxyl radical, while amla hydrolysable
tannins — emblicanins, punigluconin, pedunculagin, gallic acid, ellagic acid and corilagin — show radical-
scavenging behaviour that contributes to tissue antioxidant protection in vivo beyond what the fruit’s ascorbate
alone achieves' ""*! with metal-chelating and protein-binding activity described for hydrolysable tannins as a
chemical class™*!. Flavonoid constituents such as quercetin and kaempferol derivatives further diversify the
antioxidant profile ™. The pairing is hypothesised, but not directly demonstrated in product-specific trials, to
broaden redox defence and to support the regenerative ascorbate cycle .

3.3 Dose relevance

Published randomised trials of amla in metabolic syndrome and dyslipidaemia have used 250-500 mg
twice daily, equivalent to 500-1000 mg per day, of standardised aqueous or ethyl acetate extracts over 12
weeks®"); a further 18-week crossover trial in healthy adults used 500 mg once daily"™’. The multicentre
symptomatic GERD trial of an Ayurvedic multi-herbal formulation containing amla administered a higher
total daily dose over 28 days "*. The 900 mg amla fraction in Bio C is therefore within the active dose
envelope of the metabolic syndrome literature, provided the extract is standardised to defined polyphenol

markers 7,

3.4 Ingredient evidence versus finished-product evidence

A critical premise of this review is that no clinical trial of the finished Bio C formulation was identified in
PubMed, Web of Science, Scopus or the Cochrane Library. All antioxidant, GERD, ocular, skin and hair
findings discussed below derive from trials of amla extract, isolated ascorbate or related polyphenols. They
are informative but cannot be assumed to transfer to Bio C without confirmation in product-specific RCTs.

3.5 Intended nutraceutical positioning

Bio C is appropriately positioned as an antioxidant and nutritional-support formulation for adults seeking
daily redox support. It is not positioned as a treatment for active gastroesophageal reflux disease, AMD,
alopecia or dermatological disease. Holding to this positioning protects consumers from over-interpretation
of indirect evidence and aligns with the FSSAI provisions that govern health supplements and

. . . [15,16
nutraceuticals in India "> ',
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4. Botanical Identity, Traditional Use and Nutritional Importance of Amla
4.1 Taxonomy and nomenclature

The accepted botanical name is Phyllanthus emblica L., with Emblica officinalis Gaertn. as a primary
synonym. Amla is now placed in the family Phyllanthaceae, having formerly been classified within
Euphorbiaceae (217" Common names include amla, amlaki, Indian gooseberry, anwala, nellikka and usiri.
The pharmacologically and nutritionally relevant plant part is the fruit, particularly the dried whole fruit
and its aqueous, ethanolic or ethyl-acetate extracts [*.

4.2 Traditional applications

Amla has been used for centuries across the Ayurvedic, Siddha and Unani traditions. Classical Ayurvedic
texts describe amla as a rasayana, a rejuvenative category associated with general vitality, digestive
function, ocular health, hair and scalp care, and tissue integrity "'" ', Documented traditional indications
include dyspepsia, hyperacidity, colic and flatulence, alongside uses for respiratory comfort, hair and scalp
health, eye function and skin complexion "7, Experimental support for the antistress rasayana framing
comes from rodent work in which the amla tannoid fraction normalised stress-induced perturbations of
brain superoxide dismutase, catalase and glutathione peroxidase activity and reduced lipid peroxidation .
Traditional application nevertheless does not constitute modern clinical evidence: dose, extract type and

outcome measures differ substantially between traditional practice and contemporary research.

4.3 Nutritional composition

Amla fruit is rich in vitamin C relative to most common fruits and is a meaningful source of carbohydrates,
dietary fibre, minerals (notably calcium, phosphorus, iron and potassium), organic acids (malic, citric,
mucic and tartaric) and a diverse polyphenol fraction™*'®). Reported vitamin C content of fresh fruit varies
widely across cultivars, commonly cited in the range of 200900 mg per 100 g fresh weight by HPLC, and
is substantially higher than in most other common fruits. The fruit is low in fat, contains appreciable

mucilage and pectin, and offers considerable nutritional density per 100 g edible portion .

4.4 Factors affecting phytochemical composition

Phytochemical content in amla varies with cultivar, maturity at harvest, geographic and climatic conditions
during growth, soil mineral composition, post-harvest drying method, extraction solvent and conditions,
and storage stability ™ “. Aqueous and hydroalcoholic extracts differ in tannin yield, while drying
temperature influences retention of heat-labile ascorbate and certain flavonoids. These factors materially
affect the antioxidant content of any dried amla extract and complicate direct dose translation between
studies. Recent metabolomic and quality-marker reviews of P. emblica identify this chemical variability
and the prevalence of non-standardised formulations as the principal quality-control gap in the published

literature %,

5. Phytochemical Profile and Standardisation of Amla Extract
5.1 Vitamin C and related analytical considerations

Vitamin C in amla exists partly as free ascorbic acid and partly as a heat-stable, protein-associated
ascorbate complex that resists degradation during drying. Reported vitamin C values differ widely between
studies and between preparations of the same fruit: validated HPLC with diode-array detection gives 0.4%
(w/w) ascorbic acid in the raw fruit, rising to 1.28% (w/w) after classical Ayurvedic processing, with
ascorbate accounting for only part of the measured antioxidant activity **. Commercial extracts differ
correspondingly, and in one comparative analysis ascorbic acid was undetectable in one of four marketed
preparations *"). Modern HPLC-based assays with ultraviolet or mass spectrometric detection provide
more reliable quantification. Any reference to the “vitamin C content” of an amla extract should therefore
specify the analytical method. Functional-beverage stability work has additionally shown that processing
method, extraction solvent and storage temperature materially affect the ascorbate titre in finished amla
products %1,
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5.2 Hydrolysable tannins

The hallmark tannin fraction of amla comprises emblicanin A, emblicanin B (a pedunculagin-type
ellagitannin), and their hydrolysis products including punigluconin and pedunculagin. A tannoid fraction
characterised as emblicanin A 37%, emblicanin B 33%, punigluconin 12% and pedunculagin 14% has been
the basis of much of the primary antioxidant work on the fruit '’ These tannins undergo hydrolysis to
release gallic acid, ellagic acid and glucose moieties; the parent molecules and their hydrolysis products
contribute differentially to radical scavenging, metal chelation and protein binding > *. Emblicanin A and
B are frequently used as quantitative markers for extract standardisation. The dyslipidaemia trial used an
ethyl acetate extract standardised to not less than 35% polyphenols, 8% triterpenoids and 10% oil "’
whereas the metabolic syndrome trial used an aqueous extract standardised by high-performance liquid

chromatography to its low-molecular-weight hydrolysable tannins '°'.

5.3 Phenolic acids

Gallic acid and ellagic acid are the dominant low-molecular-weight phenolic acids in amla. Both are well
characterised for antioxidant, anti-inflammatory and protein-binding behaviour, and ellagic acid in particular
has been investigated for dermal, mucosal and metabolic effects . Corilagin, an ellagitannin glucoside, has
been confirmed by RP-HPLC alongside gallic and ellagic acids in commercial P. emblica fruit extracts, which
show DPPH, superoxide-anion and hydroxyl-radical scavenging activity that varies markedly between

preparations *'/; the tannoid fraction as a whole is the principal carrier of the fruit’s antioxidant activity !'".

5.4 Flavonoids and additional phytochemicals

Amla contains flavonoid constituents including quercetin, kaempferol and rutin derivatives, along with
smaller amounts of additional polyphenols, organic acids, sugars and amino acids . Although present at
lower concentrations than the hydrolysable tannins, flavonoids contribute complementary radical-
scavenging and metal-chelating behaviour. In vitro characterisation of Phyllanthus extracts indicates that
quercetin content varies with extraction method and that quercetin may contribute to stimulation of
collagen biosynthesis in human dermal fibroblasts, activation of SIRT1 and activation of the FOXO1
transcription factor; it should be noted that this particular characterisation was performed on Phyllanthus
indofischeri Bennet, a congeneric Indian gooseberry species, and not on P. emblica, so it is cited here as
congeneric supporting evidence only®®!. Minor constituents include mucic acid, certain lignans,

carotenoids and ascorbate oxidase—related proteins that influence product stability during processing .

5.5 Relationship between phytochemical composition and antioxidant activity

Multiple studies have demonstrated that the antioxidant capacity of amla extracts cannot be explained by
ascorbate content alone. The primary tannoid work on the fruit concluded explicitly that the antioxidant
activity of E. officinalis resides in the tannoids of the fruit, which possess vitamin C-like properties, rather
than in vitamin C itself: the tannoid fraction raised frontal cortical and striatal superoxide dismutase,
catalase and glutathione peroxidase activity with a concomitant fall in lipid peroxidation '”. The
implication for Bio C is that the 900 mg amla fraction contributes antioxidant activity through tannin and
phenolic-acid constituents over and above its intrinsic ascorbate, and that the 80 mg of added vitamin C
should be regarded as a nutritional adjunct rather than the principal antioxidant driver ' *!

5.6 Extract standardisation requirements
For Bio C to be interpretable to clinicians and consumers, the dried amla fruit extract should be
characterised by:

e adeclared native extract ratio (for example 10:1 or 20:1);

o the extraction solvent (typically water, ethanol or a hydroalcoholic mixture);

e declared total hydrolysable tannin or polyphenol content, as gallic acid or tannic acid equivalents;

e quantitative emblicanin A and B, gallic acid and ellagic acid markers by HPLC;

e an HPLC or HPTLC fingerprint;

e Moisture content and stability data across shelf life.
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Without this information, “900 mg of amla extract” is scientifically incomplete and dose translation from
published studies remains approximate > * 7,

6. Antioxidant Mechanisms and Clinical Evidence

6.1 Oxidative stress and cellular injury

Oxidative stress arises from an imbalance between ROS production and antioxidant defences. The
superoxide anion, hydrogen peroxide and the hydroxyl radical target polyunsaturated lipids in cellular and
lipoprotein membranes, generating lipid hydroperoxides and downstream aldehydes such as
malondialdehyde and 4-hydroxynonenal. Proteins undergo oxidative modification of cysteine, methionine
and aromatic residues, often with loss of enzymatic activity. Nuclear and mitochondrial DNA accumulate
oxidative lesions, of which 8-OHdG is the most studied. Mitochondrial dysfunction perpetuates ROS
production, establishing a feed-forward loop. The retina is among the most metabolically active and most
environmentally exposed tissues in the body, which makes retinal oxidative damage a leading candidate

mechanism in AMD pathogenesis* .

6.2 Direct radical-scavenging mechanisms

Ascorbate donates a hydrogen atom or electron to a variety of radical species, yielding the ascorbyl
radical, which is regenerated by NADH-dependent reductases or by interaction with other small-
molecule antioxidants ). In the presence of free, catalytically active transition-metal ions, ascorbate can
reduce metal centres and generate hydrogen peroxide and hydroxyl radicals in vitro; systematic appraisal
of the in vivo data nevertheless finds consistent antioxidant rather than pro-oxidant behaviour at
nutritional intakes *”!. Amla polyphenols scavenge radicals through hydrogen donation from phenolic
hydroxyl groups, with the resulting phenoxyl radical stabilised by the conjugated tannin scaffold.
Isolated gallate and catecholate phenolics chelate redox-active iron and copper and thereby limit
hydroxyl-radical generation, although whole amla extracts have been reported not to chelate iron(Il)
appreciably at achievable concentrations, so the contribution of chelation to the activity of a whole-fruit

extract should not be overstated*?!",

6.3 Inhibition of lipid peroxidation

Lipid peroxidation in low-density lipoprotein and cellular membranes is a key mediator of
atherosclerosis and membrane dysfunction. Ascorbate protects lipids by intercepting peroxyl radicals at
the aqueous—lipid interface; amla polyphenols demonstrate complementary behaviour, with tannin
binding to apolipoprotein and membrane domains. In an isolated rat heart ischaemia—reperfusion model,
an emblicanin-A— and emblicanin-B—enriched fraction of amla fruit juice given at 50 and 100 mg/kg
prevented the reperfusion-induced fall in cardiac superoxide dismutase, catalase and glutathione
peroxidase activity and the accompanying rise in lipid peroxidation, with vitamin E at 200 mg/kg as the
comparator antioxidant !, Together these complementary activities suggest broader membrane
protection than either class provides alone, although direct synergy in human physiology remains to be
demonstrated in product-specific trials.

6.4 Endogenous antioxidant defence

Beyond direct scavenging, antioxidant nutrients support the enzymatic defence system. Ascorbate
contributes to the maintenance of reduced glutathione by serving as a cofactor in redox recycling . Amla
tannoids have been reported in preclinical studies to raise the activity of superoxide dismutase, catalase and
glutathione peroxidase '™ " and amla feeding improves hepatic and renal antioxidant status in high-fat-fed
rats ™. In the randomised metabolic-syndrome trial of 250 mg and 500 mg P. emblica aqueous extract
twice daily for 12 weeks, the change in reduced glutathione at 12 weeks was +24.31% (250 mg twice
daily) and +53.22% (500 mg twice daily), with corresponding MDA reductions of —21.02% and —31.44%
and NO increases of +41.89% and +50.70%, each statistically significant versus placebo '\, The 18-week
crossover study of 500 mg/day amla extract additionally reported significant reductions in 8-OHdG and
von Willebrand factor alongside an increase in HDL cholesterol ™.
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6.5 Nrf2-ARE-mediated cytoprotection

The nuclear factor erythroid 2—related factor 2—antioxidant response element pathway regulates a battery
of cytoprotective genes, including phase II detoxification enzymes such as heme oxygenase-1, NAD(P)H-
quinone dehydrogenase 1 and glutathione S-transferase. Dietary polyphenols, including quercetin,
resveratrol and curcumin, have been documented to induce Nrf2 nuclear translocation and downstream
transcription in retinal pigment epithelium **. Selected Phyllanthus polyphenol fractions have similarly
induced activation of the SIRT1 longevity pathway and the FOXO1 transcription factor in vitro, although
in the study reporting the largest effects the material tested was P. indofischeri rather than P. emblica ™.
The inference is that amla may upregulate endogenous defences over hours to days, complementing its
direct scavenging; this pathway is plausible but remains to be confirmed at clinical dose and duration in
humans for the Bio C formulation.

6.6 Interaction between vitamin C and amla polyphenols

Ascorbate is well known to recycle the o-tocopheroxyl radical at the membrane surface ). By analogy,
ascorbate may also regenerate oxidised polyphenol intermediates in solution and at the mucosal interface,
although the quantitative significance of any such recycling within a single supplement dose is not
established. Mixed antioxidant formulations used as adjuncts in ophthalmology operate on the same
complementary principle: each component supplies its own mechanism of action without evidence of
interference ** *. 1t is appropriate to frame the ascorbate—polyphenol interaction in Bio C as
complementary rather than as proven pharmacological synergy. The two mechanistic arms and their
convergent biomarker outputs are summarised in Figure 2.

Complementary Antioxidant Mechanisms of Ascorbate and Amla Hydrolysable Tannins
and Phenolic Acids in Bio C
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Fig 2: Complementary antioxidant mechanisms of ascorbate and amla hydrolysable tannins and phenolic
acids in Bio C. Ascorbate (left arm) donates single electrons to neutralise reactive oxygen and nitrogen
species and regenerates the a-tocopheroxyl radical at the lipid—aqueous interface. Amla polyphenols (right
arm) scavenge radicals, chelate redox-active Fe?" and Cu’, bind mucosal proteins and induce the Nrf2—
ARE cytoprotective axis. The two arms converge on reduced lipid peroxidation, an improved reduced-
glutathione pool and lower malondialdehyde and 8-hydroxy-2'-deoxyguanosine. The four claim-
substantiation pillars named in the lower banner are defined in Figure 3. No arm of this schematic has been
tested as the Bio C finished product; all inferences are ingredient-level.
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6.7 Preclinical antioxidant evidence

In vitro studies consistently show that amla extracts scavenge DPPH, ABTS and superoxide radicals and
register high ferric-reducing antioxidant power ' *!; an E. officinalis extract also improved viability and
mitochondrial membrane potential and lowered reactive oxygen species in human retinal pigment
epithelial cybrids derived from patients with age-related macular degeneration **\. In rats fed a high-fat
diet, amla supplementation reduced hepatic and renal oxidative stress and the accompanying inflammatory
response'™); tannoid fractions likewise normalised brain and myocardial antioxidant enzyme activity and
lipid peroxidation under stress and ischaemia-reperfusion challenge!*'”. The mechanistic finding that P
emblica fruit extract raises type [ procollagen in primary mouse fibroblasts by 1.65-fold on
immunocytochemistry and 6.78-fold on Western blot at 0.1 mg/mL, while inhibiting collagenase activity
by up to 78.67 £ 3.51% at 1 mg/mL P” is reproduced in human skin fibroblasts, where amla extract

promotes procollagen production and inhibits matrix metalloproteinase-1°"32.

6.8 Human clinical evidence

Randomised controlled trials of standardised amla extract in metabolic syndrome, dyslipidaemia and
healthy adults show:

e « 250 mg and 500 mg P. emblica aqueous extract twice daily for 12 weeks decreased reflection index
and increased NO and GSH, and reduced MDA, in subjects with metabolic syndrome versus placebo,
with statistically significant between-group differences favouring the higher dose'®;

e « 500 mg/day amla for 18 weeks improved blood fluidity and lowered von Willebrand factor and 8-
OHJG alongside an increase in HDL cholesterol in a crossover healthy-volunteer study!;

e « 500 mg amla ethyl-acetate extract standardised to not less than 35% polyphenols, 8% triterpenoids
and 10% oil, administered twice daily for 12 weeks, reduced TC, TG, LDL-C and VLDL-C versus
placebo in 98 dyslipidaemic adults, with favourable safety data; the fall in the ApoB/ApoAl ratio was
significant within-group but not between groups (p = 0.087)""";

e < a 2023 systematic review and meta-analysis of E. officinalis fruit consumption concluded that the
fruit reduces cardiovascular-disease risk factors across multiple small-to-moderate trials™";

e « A 2024 narrative review describes E. officinalis as a promising nutraceutical candidate for metabolic
syndrome prevention, with mechanistic concordance across preclinical and clinical findings '*'.

These trials use daily amla doses spanning 500-2000 mg, a range that brackets the 900 mg fraction of Bio
C by weight; the studies are summarised in Table 2. Comparability by weight is not the same as
comparability by potency, because the trial extracts were standardised to declared marker content and the
corresponding characterisation for this class of finished product is generally not published (Section 15.1).
The 80 mg of ascorbate in Bio C delivers 100% of the ICMR-NIN 2020 recommended dietary allowance
for Indian adults, the reference value declared on the product label, and is comparable to the United States
allowances of 75 mg for women and 90 mg for men; it is nevertheless well below the 200 mg/day
proposed as the optimum adult intake based on combined metabolic, pharmacokinetic, observational and
phase I randomised evidence ',

Table 2: Randomised controlled trials and evidence syntheses of standardised Phyllanthus emblica extract
at daily doses of 500-2000 mg, spanning and exceeding the Bio C amla fraction.

. .. Primary Key
Source Design Daily dose Durati | Participan efficacy biomarker Safe-t ¥
on ts ; findings
endpoint changes
Randomis | 250 mg GSH Favourab
ed, b.i.d. and 59 adults Reflection +24.31% le; no
Usharani double- 500 mg 12 with index: NO (250 mg) clinically
2019 blind, b.i.d. weeks | metabolic GSH ’MD/,% and significan
placebo- aqueous syndrome ’ +53.22% t
controlled | extract 500 mg); laborator
g
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MDA y changes
-21.02%
and
—31.44%;
NO
+41.89%
and
+50.70%
Significant
Randomis reductions
. Favourab
ed, in vWF
double- Blood and 8- le; no
Kapoor blind 500 18 15 healthy | fluidity; OHAG: adverse
20195 cross;wer mg/day weeks | volunteers | vVWEF, 8- sioni ﬁc,ant events or
’ OHdG, HDL | . & ) tolerance
placebo- increasein | .
controlled HDL
cholesterol
Significant
reductions
in TC, TG,
]530iOdmg LDL-C and
Randomis L VLDL-C 4 mild
ed cthyl- versus adverse
double- acetate TG, TG, placebo; events in
. extract, 98 LDL-C,
Upadya blind, o 12 . the 98
7] >35% dyslipidae | ApoB, .
2019 placebo- weeks . ApoB/Apo | participa
polypheno mic adults | ApoB/ApoA
controlled, Al fall was | nts (3
. Is, 8% 1 .
multicentr . . significant | placebo,
e triterpenol within- 1 amla)
ds, 10%
oil group only
(p=0.087
between
groups)
Reductions
in LDL-C
(—-15.08
mg/dL),
LDL-
Systemati | 5001500 V. C;’
C review mg/da Cardiovascul triglyceride | Acceptab
Brown and meta ac%ossy 14-84 535 pooled ar-disease s and hs- le across
[33] - - - .
2023 analysis of | included days participants risk factors gﬁ;rs f’r(i)a?llsed
9 RCTs trials .
caution
that
heterogenei
ty limits
confidence
Karkon Randomis | 500 mg 68 adults Heartburn Significantl | Well
Varnosfader ed, tablets, 4 with non- and y greater tolerated;
ani 201854 double- two twice | weeks | erosive regurgitation | reduction no safety
blind, daily reflux frequency in all four | signal
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placebo- (2000 disease and severity | measures reported
controlled | mg/day), versus
after meals placebo (P
<0.001)
Concordan
ce for
Nal.‘ratlve 5007100.0 Multlple Mechanistic ant19x1dant Acceptab
review of | mg/day in cited , anti-
Prabhakar . . . . concordance | . le across
(8] metabolic | the cited Various | preclinical inflammato | .
2024 .. . across cited
syndrome | clinical and clinical . ry and .
. . . studies .- evidence
prevention | evidence studies lipid-
modulating
actions

6.9 Relevance to the Bio C formulation

The strongest direct support for the antioxidant rationale of Bio C is the convergence of replicated human
RCT biomarker improvements at standardised doses overlapping 900 mg/day” "**. The 80 mg of added
ascorbate reinforces nutritional ascorbate status and supports collagen cofactor activity. The amla fraction

contributes polyphenol-driven antioxidant activity that cannot be replicated by ascorbate alone !'%).

Suggested structure—function claim: Provides a botanical polyphenol matrix and vitamin C that
contribute to the protection of cells from oxidative stress.

Evidence tier: Clinical — multiple randomised trials and a meta-analysis of standardised amla extract at
doses bracketing the Bio C amla fraction for the ingredient; the product-specific tier is empty” .

7. Gastroesophageal Reflux and Digestive Symptom Relevance

7.1 Pathophysiology of GERD and non-erosive reflux disease

GERD develops when gastric contents reflux into the oesophagus with sufficient frequency or volume to
produce symptoms or mucosal injury. Acid exposure, pepsin activity, transient lower oesophageal sphincter
relaxation and impaired oesophageal clearance all contribute. Non-erosive reflux disease is the
predominant symptomatic phenotype, characterised by heartburn and regurgitation without visible mucosal
breaks on endoscopy. Oesophageal mucosal sensitivity, low-grade inflammation and oxidative stress are
increasingly recognised as contributors to NERD symptom generation, providing a conceptual bridge to
antioxidant nutraceuticals.

7.2 Traditional gastrointestinal use of amla

Ethnopharmacological reviews of P. emblica fruit record traditional use for dyspepsia, hyperacidity, colic,
flatulence, peptic ulcer, diarrhoea and dysentery across the Ayurvedic, Siddha and Unani systems "\, This
traditional use is empirical and predates modern diagnostic categorisation; it does not map directly onto
GERD as defined today, but it establishes the cultural and historical context for investigating amla in
reflux-related symptoms.

7.3 Clinical evidence in non-erosive reflux disease and symptomatic GERD

The strongest published evidence for amla in reflux symptoms is a double-blind, randomised, placebo-
controlled trial of amla monotherapy in non-erosive reflux disease. Sixty-eight adults with at least three
months of classic reflux symptoms received two 500 mg amla tablets twice daily after meals, a total of
2000 mg/day, or matching placebo for four weeks. Reductions in the frequency and the severity of both
heartburn and regurgitation were significantly greater in the amla arm than in the placebo arm (P < 0.001
for each) on the reflux-associated quality-of-life instrument ®*. A separate open-label multicentre
comparative study of a multi-herbal Ayurvedic capsule containing amla versus omeprazole 20 mg in 63
adults over 28 days reported within-group improvement in heartburn, acid-regurgitation and GERD health-
related quality-of-life scores in both arms''*); being open-label and multi-herbal, it cannot isolate the amla
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contribution. Additional preclinical support comes from a rodent gastroprotective and motility study of an
amla plus honey combination alongside pantoprazole and rebamipide **'.

7.4 Possible mechanisms

Mechanistic hypotheses that may explain a symptomatic benefit of amla in reflux include: (i) antioxidant
activity at the oesophageal mucosa, reducing oxidative damage to epithelial cells; (i) mucosal
cytoprotection through polyphenol-protein interactions at the epithelial surface; (iii) anti-inflammatory
activity reducing low-grade neutrophilic infiltration; and (iv) modulation of mucosal sensitivity to acid.
None of these mechanisms was measured in the cited clinical or preclinical studies ** **), and none has
been demonstrated clinically for Bio C or for the specific formulation used in the published trial; they are
best framed as plausible biological mechanisms warranting investigation.

7.5 Relevance and limitations for Bio C

The placebo-controlled trial that isolates amla used 2000 mg/day, more than twice the 900 mg/day amla
fraction in Bio C, and enrolled patients with diagnosed non-erosive reflux disease rather than general
consumers”®"; the comparative trial used a different multi-herbal formulation altogether''!. The animal-
model doses used to generate motility and gastroprotection data do not translate directly to a 900 mg/day
human serving. A supplement of this composition should therefore be described as offering potential
support for digestive comfort, not as a treatment for reflux disease **..

7.6 Gastrointestinal tolerability of vitamin C

Ascorbic acid is well tolerated across a broad range of intakes; the only consistently reported adverse effect
is occasional gastrointestinal upset or mild diarrhoea arising from the osmotic effect of unabsorbed
ascorbate at doses far above the amount in a nutritional supplement ®.. At the 80 mg dose in Bio C, such
effects are uncommon and usually mild. Consumers with known ascorbate sensitivity or a prior history of
intolerance should be advised to take the product with food.

Suggested structure—function claim: Traditionally used in Ayurveda to support digestive comfort; not
indicated for the treatment of reflux disease.

Evidence tier: Clinical, at a higher dose than this formulation — one double-blind placebo-controlled trial
of amla monotherapy at 2000 mg/day in non-erosive reflux disease, a comparative trial of a different multi-
herbal formulation, supporting rodent data, and a long classical record for dyspepsia and

hyperacidity!'*'73*3°],

8. Vitamin C Stability, Absorption, Bioavailability and Retention

8.1 Intestinal absorption and renal handling of vitamin C

Ascorbate is absorbed in the small intestine and handled in the kidney by the sodium-dependent vitamin C
transporters SVCT1 and SVCT2, encoded by SLC23A1 and SLC23A2. SVCT1 is the absorptive isoform,
expressed in the intestine, renal proximal tubule and liver, where it mediates dietary uptake and renal
reabsorption; SVCT2 is distributed throughout the body and transports ascorbate into tissues "\ In Slc23al-
null mice, the dominant phenotype is renal: fractional ascorbate excretion rises up to 18-fold and hepatic
portal accumulation is nearly abolished, whereas intestinal absorption is only marginally affected **. The
transporter’s principal contribution to whole-body ascorbate economy is therefore renal reabsorption rather
than intestinal uptake, a distinction that matters when interpreting claims about ascorbate retention.

8.2 Plasma saturation and renal regulation

Plasma vitamin C concentrations are tightly regulated. Depletion—repletion pharmacokinetics in healthy
volunteers describe a steep sigmoid relationship between dose and plasma concentration: there is no
urinary excretion below about 100 mg/day, the plateau is approached at 200 mg/day, and above 500 mg
single doses bioavailability falls while the absorbed fraction is excreted”’*". The ICMR-NIN 2020
recommended dietary allowance for adults is 80 mg/day, the reference value against which the Bio C label
declares 100% RDA; comprehensive review of the scientific evidence base has proposed an optimum adult
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intake of 200 mg/day based on plasma saturation kinetics and dose-dependent health benefit, and intakes
providing at least adequate, if not saturating, plasma levels of approximately 100200 mg/day have been
recommended for cellular and tissue sufficiency ') The 80 mg level in Bio C therefore meets the Indian
nutritional reference value while sitting at the lower end of the range proposed for optimal antioxidant
benefit, and is best understood as supporting maintenance of plasma ascorbate.

8.3 Effect of the food or botanical matrix

Co-ingestion of polyphenol-rich foods and beverages can affect ascorbate stability and absorption.
Phytochemical analysis of a functional Indian gooseberry beverage containing turmeric, ginger, lime and
black pepper showed that nutrient-matrix interactions significantly influence vitamin C retention during
storage, with ascorbate loss tied to dissolved oxygen, processing temperature and container headspace **..
Polyphenols may in principle protect ascorbate during gastrointestinal transit by scavenging oxidants in the
lumen, although this has not been quantified for Bio C.

8.4 Vitamin C stability in amla preparations

In amla, vitamin C exists partly in a heat-stable, protein-associated form that survives drying better than
free ascorbate. Finished-product vitamin C content is nevertheless sensitive to drying temperature, oxygen
exposure during manufacture, light, residual moisture, extraction solvent polarity and storage conditions.
Storage studies of P. emblica fruit preparations show progressive ascorbate loss over months even in sealed
containers, with degradation accelerating in oxygen-exposed and unfilled containers; in one herbal-drink
study ascorbate fell from an initial 61.0 mg/100 g to 54.47 mg/100 g after the first month, 42.36 mg/100 g
after the second and 36.39 mg/100 g after the third month of refrigerated storage **'. Vitamin C loss during
storage is driven by photolysis, oxidation, peroxides, thermolability and the action of ascorbate oxidase
and peroxidase enzymes [* %),

8.5 Evidence for prolonged vitamin C retention

Reports suggesting that amla-derived polyphenols may prolong ascorbate half-life or reduce its rate of
post-ingestion decline, plausibly through antioxidant protection during absorption, derive primarily from
rodent work and a small number of human pharmacokinetic observations. Given that plasma ascorbate is
constrained by absorption and renal handling in humans ®°)) that the transporter evidence locates the
principal determinant of retention in renal reabsorption °* and that no human pharmacokinetic study of a
dual-component amla plus ascorbate product has been published, the question is untested rather than
settled.

8.6 Stability versus biological retention

A consistent terminological distinction is essential when describing vitamin C disposition in Bio C.
Stability refers to preservation of ascorbate in the finished product over shelf life. Absorption refers to
entry into the circulation. Bioavailability refers to the fraction of ingested ascorbate reaching the systemic
circulation. Retention refers to persistence of ascorbate concentrations in plasma or tissues over time.
These four descriptors are independent and should not be conflated.

8.7 Implications for Bio C

The defensible phrasing for Bio C is “potential influence of the amla matrix on vitamin C stability and
disposition” rather than “longer retention time”. Bio C provides 80 mg of ascorbate in a nutritional dose
sufficient to support plasma ascorbate concentrations, alongside a polyphenol fraction that may aid
stability during storage and gastrointestinal transit. Any assertion of prolonged systemic retention is not
currently defensible from clinical evidence on the finished Bio C formulation.

9. Ocular Antioxidant Defence and Age-Related Macular Degeneration
9.1 Oxidative stress in retinal ageing

The retina is among the most metabolically active tissues in the body. Continuous photon absorption by
photoreceptor outer segments, high mitochondrial density in the retinal pigment epithelium, and a uniquely
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high oxygen tension at the choroidal interface create a sustained oxidant load. Photochemical reactions,
lipofuscin accumulation within RPE cells and progressive mitochondrial inefficiency together drive
chronic oxidative stress, while oxidative damage to the retinal antioxidant enzyme system — including
superoxide dismutase and glutathione peroxidase, together with small-molecular-weight antioxidants such

as carotenoids and ascorbate — is implicated in AMD pathogenesis[zs’%].

9.2 Physiological role of vitamin C in ocular tissues

Ascorbate is concentrated in the aqueous and vitreous humour at many times the plasma concentration, a
gradient attributed to SVCT2 expressed in the ciliary epithelium and retinal pigment epithelium °”. Within the
eye, ascorbate has been shown in ex vivo and animal models to attenuate ultraviolet light by absorption, and its
depletion increases ultraviolet-B-induced lens epithelial damage **.. It scavenges the superoxide anion radical,
hydrogen peroxide, the hydroxyl radical, singlet oxygen and reactive nitrogen species, and contributes to the
prevention of membrane lipid peroxidation** %!, Vitamin C deficiency has long been associated with increased
cataract risk, supporting a role for ascorbate in long-term lens and ocular health.

9.3 Evidence from AREDS and AREDS2

The Age-Related Eye Disease Study and AREDS2 provide the principal reference for antioxidant-based
AMD risk reduction. The original AREDS formulation comprised 500 mg of vitamin C, 400 IU
(approximately 270 mg) of vitamin E, 15 mg of beta-carotene, 80 mg of zinc as zinc oxide and 2 mg of
copper as cupric oxide. AREDS?2 refined this by largely replacing beta-carotene with 10 mg of lutein plus 2
mg of zeaxanthin — particularly for current and former smokers, given the lung-cancer signal associated
with beta-carotene — while leaving vitamin C, vitamin E and copper unchanged and re-evaluating the zinc
dose at 25 mg against the original 80 mg"***!. In exploratory analysis, lutein and zeaxanthin versus beta-
carotene was associated with a hazard ratio of 0.82 (95% CI 0.69-0.96) for progression to late AMD % In
the AREDS2 randomised trial itself (4203 participants, median follow-up five years), lutein and zeaxanthin
supplementation was not associated with excess adverse events, whereas beta-carotene was associated with

. 43,44
more lung cancers, predominantly among former smokers [ *4.

9.4 Limitations of extrapolating AREDS evidence

AREDS supplements deliver 500 mg of vitamin C, several-fold higher than the 80 mg in Bio C, alongside
vitamin E, zinc, copper and macular carotenoids — none of which are ingredients in Bio C. The published
AREDS benefit cannot be transferred to a formulation lacking these components. The component-by-
component comparison is set out in Table 3. Any health communication suggesting AREDS-equivalent

benefit for Bio C is therefore untenable “**,

Table 3: AREDS ! and AREDS2 % *! formulations compared with Bio C, showing why the AREDS
evidence base is not transferable.

Component AR,E,DS AREDS2 Bio C
(original)
Vitamin C (ascorbic acid) 500 mg 500 mg 80 mg
o 400 IU (~270
Vitamin E (a-tocopherol) me) Ul 400 IU (~270 mg) Not present
Beta-carotene 15 mg Largely replaced by. Not present
lutein and zeaxanthin
. . . 80 mg, with 25 mg
Zinc (as zinc oxide) 80 mg also evaluated Not present
Copper (as cupric oxide) 2 mg 2 mg Not present
Lutein Not present 10 mg Not present
Zeaxanthin Not present 2 mg Not present
Docosahexaenoic acid Notpresent | Soome(testedino g ent
ocosahexaenoic ac ot prese additional AMD ot prese
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benefit)
650 mg (tested; no
Eicosapentaenoic acid Not present additional AMD Not present
benefit)
Dried amla (P emblica) fruit Not present Not present 900 mg
extract
. . Not transferable; fi lati
Transferability of the AMD | Reference Reference formulation oF Hrans erab. e formuiation
. . . . . lacks the required components
risk-reduction finding formulation (modified) and dose

9.5 Evidence for amla in ocular health

Several in vitro and preclinical studies report that polyphenols, including quercetin and other flavonoids,
protect retinal pigment epithelial cells against oxidative stress and can suppress vascular endothelial
growth factor expression. Quercetin, fisetin, luteolin, resveratrol and curcumin each have documented
cytoprotective activity in RPE models, acting through direct ROS scavenging, Nrf2 activation, modulation
of A2E photo-oxidation, inhibition of lipid peroxidation — with quercetin protecting ARPE-19 cells
against 4-hydroxynonenal-induced stress and decreasing mRNA expression of IL-6, IL-8 and MCP-1 —
and autophagy induction'”’. Amla-specific ocular work is preclinical but does exist: an E. officinalis
extract improved cell viability and mitochondrial membrane potential and reduced reactive oxygen species
and apoptosis in human retinal pigment epithelial cybrids derived from patients with age-related macular
degeneration *. Amla-specific ocular trials at the clinical level remain absent.

9.6 Relevance to Bio C

Bio C supports ocular antioxidant physiology through its ascorbate and polyphenol content. Bio C is not an
AMD-preventive formulation, is not a substitute for AREDS or AREDS2 in patients with intermediate AMD,
and has not been demonstrated to alter AMD progression. Mendelian randomisation analysis of circulating
micronutrients found no causal effect of circulating vitamin C on age-related macular degeneration, cataract,
glaucoma or diabetic retinopathy'*” and a cross-sectional national survey of nutritional intake reinforces the
importance of overall dietary micronutrient patterns without establishing a causal role for any single
ingredient'*’”), Observational data on sunlight exposure and antioxidant status point the same way*"; earlier
reviews of carotenoids and antioxidant vitamins argued for a protective effect, but that literature has not resolved
into a single-nutrient conclusion*”. Defensible language for a supplement of this composition is therefore
“ocular antioxidant support as part of daily nutrition”, alongside the traditional Ayurvedic association of amla

with eye health " rather than any AMD-specific claim ** 2> 4%+,

Suggested structure—function claim: Provides vitamin C, which contributes to normal collagen formation
and to the protection of cells from oxidative stress, and is traditionally used in Ayurveda in support of eye
health.

Evidence tier: Established ocular ascorbate physiology with a classical traditional indication; AMD risk
reduction is a therapeutic endpoint tied to the AREDS composition and lies outside the claim space of a

general supplement '™ 2% 4042,

10. Skin Health and Healthy Ageing
10.1 Vitamin C and collagen biosynthesis

Ascorbate is an essential cofactor for prolyl hydroxylase and lysyl hydroxylase, the enzymes that
hydroxylate proline and lysine residues during procollagen synthesis. Hydroxylation stabilises the
procollagen triple helix and enables proper fibril assembly. In vitamin C deficiency, hydroxylation fails,
and scurvy develops with impaired wound healing and dermal fragility; at nutritional doses, ascorbate
supports normal collagen turnover, and normal skin maintains high ascorbate concentrations in support of
this function ">, Skin-protective polyphenols, including those found in Phyllanthus extracts, have been

documented with anti-melanogenic, pro-collagen and photoprotective activities in vitro® ">,
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10.2 Cutaneous antioxidant defence

The skin is exposed to ultraviolet radiation, environmental pollutants and thermal stress, all of which
generate ROS. Cutaneous ascorbate is concentrated in the epidermis relative to the dermis and can be
depleted by ultraviolet exposure 1121 Ascorbate also supports epithelial barrier function and the oxidant-
scavenging activity of the skin'”. Polyphenols from amla taken orally may reach the dermal
microvasculature and contribute to plasma antioxidant capacity with downstream benefit to cutaneous
tissues, although direct dermal delivery and clinical efficacy remain modest at nutritional doses.

10.3 Vitamin C and skin-barrier and wound-healing physiology

Beyond collagen biosynthesis, ascorbate supports keratinocyte differentiation and fibroblast proliferation
and migration during wound healing"?. Amla extract protects human skin fibroblasts against ultraviolet-B-
induced photoageing, preserving procollagen 1 through inhibition of matrix metalloproteinase-1, inhibiting
hyaluronidase and scavenging reactive oxygen species”' =2

10.4 Anti-photoageing potential of amla phytochemicals

Amla polyphenols have been investigated in vitro for inhibition of matrix metalloproteinases that degrade
dermal collagen and for reduction of melanogenesis®>>"*"\. P emblica fruit extract raises type I
procollagen in primary mouse fibroblasts by 1.65-fold on immunocytochemistry and 6.78-fold on Western
blot at 0.1 mg/mL — approximately 7.75-fold greater induction than the reference herbal collagen
enhancer asiaticoside at the same concentration — and inhibits collagenase activity dose-dependently to a
maximum of 78.67 + 3.51% at 1 mg/mLP’; the procollagen effect is reproduced in human skin
fibroblasts”'!. A standardised P. emblica branch extract inhibited tyrosinase and tyrosinase-related protein-
2 activity, suppressed melanin formation and inhibited matrix metalloproteinase-2 in cellular assays at 0.1
mg/mLP%. Congeneric work on P indofischeri reports SIRT1 and FOXO! activation and collagen
stimulation comparable to vitamin C, and is cited here only as supporting evidence from a related

species®).

10.5 Human evidence involving oral and topical amla-containing preparations

Three published studies inform this domain. A randomised, double-blind, placebo-controlled trial of an oral
lingonberry plus amla fruit extract in 99 healthy female subjects over 12 weeks reported dose-dependent
improvements in skin elasticity (P < 0.01), skin thickness, stratum corneum water content and the degree of
wrinkles around the eyes (P < 0.001)**!. A 90-day open-label pilot study of a multi-herbal adjuvant skin-
supplement liquid in 40 women aged 35-50 years reported improvements in Cutometer elasticity
parameters (23—54%), hydration (30% forehead, 34% cheek) and wrinkle reduction by Antera 3D analysis,
with no product-related adverse events™ . A randomised, double-blind, placebo-controlled study of a
topical gel containing 0.1% standardised P. emblica branch extract in 20 volunteers over 84 consecutive
days reported skin lightening, improved elasticity and hydration, and wrinkle reduction on instrumental
assessment, with no irritation on single closed patch testing”"’. All three used formulations, routes and
doses that differ from Bio C.

10.6 Implications for Bio C

A defensible conclusion is that Bio C supplies the vitamin C required for normal collagen formation
together with an amla-derived polyphenol antioxidant matrix. Bio C should not be claimed to reverse
wrinkles, lighten hyperpigmentation or treat dermatological disease; such claims require product-specific
clinical substantiation. Where dermal claims are made, the phrasing should make clear that biological
plausibility for the amla polyphenol contribution is anchored in vitro, while human dermal evidence

currently derives from studies of other amla-containing formulations rather than from Bio C itself*****"
53]

Suggested structure—function claim: Supports skin health and normal collagen formation.

Evidence tier: Mechanistically established with pilot clinical confirmation in different

. 2
formulations**>%%331,
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11. Hair and Scalp Health
11.1 Oxidative stress and hair-follicle biology

Hair follicles are highly proliferative mini-organs sensitive to oxidative stress. ROS have been implicated
in premature catagen entry, follicle miniaturisation, perifollicular inflammation in androgenetic alopecia,
and altered melanocyte activity in greying. Follicular redox balance is part of the normal hair cycle, and
antioxidant nutrients have been proposed as supportive factors in androgenetic alopecia and other forms of
hair thinning.

11.2 Nutritional role of vitamin C

Vitamin C contributes to hair biology through three principal mechanisms: support of collagen
biosynthesis in the dermal sheath, antioxidant protection of the follicular environment!'*! and enhancement
of non-haem iron absorption. Polyphenols and phytate inhibit non-haem iron uptake in a dose-dependent
manner”" and ascorbate overcomes that inhibition: 30 mg reversed the effect of maize-bran phytate and 50
mg or more was required against meals containing over 100 mg of tannic acid”®*. The iron-absorption role
is particularly relevant for menstruating women and individuals at risk of iron deficiency. All three actions
are nutritional rather than pharmacological and operate at adequate intake rather than at supra-
physiological doses.

11.3 Amla and the hair-growth cycle

In a screen of seventeen traditional hair-treatment plants, P. emblica was the second most potent inhibitor
of Sa-reductase, with a finasteride-equivalent activity of 18.99 + 0.40 mg/g extract, and enzyme inhibition
across the panel correlated with hair-growth promotion in C57BL/6 mice®®. Preclinical reports also
describe amla extracts and vesicular delivery formulations promoting follicular proliferation”””*. Dose-
dependent cell proliferation has been reported in human dermal papilla cells at concentrations around 50
pg/mL, alongside dose-dependent reduction in Sa-reductase expression and dose-dependent increases in
insulin-like growth factor 1 and vascular endothelial growth factor supporting follicular differentiation and
growth®”. Further in vitro enzymatic screening of Ayurvedic herbs places E. officinalis among the more
active Sa-reductase inhibitors”™".

11.4 Clinical evidence in amla-containing hair products

A 90-day TrichoScan-based clinical study of a hair serum formulation containing amla, coconut water and
selenium in 42 healthy male and female volunteers showed statistically significant improvement from
baseline in hair growth rate, hair density, vellus density and terminal density (each P < 0.0001), and
significant reductions in hair fall and hair thinning (each P < 0.0001)!®”). A 90-day assessment of a different
serum combining biotinoyl tripeptide-1 with P. emblica fruit extract in 40 participants showed improved
hair density and quality, with a significant reduction in transepidermal water loss in women (P < 0.05)°").
A prospective open-label assessment of an oral amla tablet in 300 participants over three months reported a
reduction in hair-fall visual analogue score from 6.2 + 1.7 to 3.4 + 1.5 (P = 0.001) alongside increases in

vitamin D and antioxidant biomarkers'®>.

11.5 Translational limitations

Several differences separate these hair studies from Bio C. The serum or oral-tablet vehicles, daily amla
dose, accompanying actives, study population characteristics and intervention duration all differ from the
intended use of Bio C as a once- or twice-daily oral tablet delivering 900 mg of dried amla extract plus 80
mg of vitamin C. Two of the three clinical studies used topical serums rather than an oral route. Without a
Bio C-—specific trial in hair biology, the proper level of inference is biological plausibility rather than
demonstrated clinical benefit.

11.6 Relevance to Bio C

Healthy-hair support is biologically plausible for Bio C given its combined ascorbate and amla polyphenol
content, with the polyphenols contributing So-reductase inhibition, antioxidant protection and pro-
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follicular growth signalling in vitro, and ascorbate contributing collagen cofactor activity and iron-
absorption enhancement. Bio C should be framed as supporting normal hair biology through nutritional
and antioxidant contributions rather than as an alopecia treatment'’ .

Suggested structure—function claim: Provides nutrients that support normal hair biology, and is
traditionally used in Ayurveda for hair and scalp care; not a treatment for hair loss.

Evidence tier: Mechanistic and formulation-specific, on a well-documented traditional base!' ™" %%,

12. Safety, Tolerability and Herb—Drug Interaction Considerations
12.1 Safety of amla preparations

Standardised amla extracts at 250—500 mg twice daily for 12 weeks!®”! and at 500 mg daily for 18 weeks!”’
have shown acceptable safety profiles in randomised trials. No substantial changes in liver safety tests,
urinalysis or haematology have been reported, and no adverse events of clinical significance have been
documented relative to placebo” . In the multicentre dyslipidaemia trial of 500 mg amla extract twice
daily, only four mild adverse events were recorded among 98 participants over 12 weeks — one mild fever,
one mild headache and two of mild gastritis; three were in the placebo group and one in the amla group, all
resolving with routine management'”. Toxicological review of P. emblica fruit reports an absence of
adverse effect even at high oral doses in animal studies'' . The Ayurvedic rasayana classification of amla
is consistent with a strong overall safety record.

12.2 Safety of vitamin C at the Bio C dose

At 80 mg per serving, the ascorbate component of Bio C is firmly within the nutritional range and well
below the threshold at which gastrointestinal symptoms become clinically meaningful. The contribution of
Bio C to total daily vitamin C intake should be considered alongside dietary sources. The tolerable upper
intake level for adults, commonly cited as 2000 mg/day, is the relevant benchmark for cumulative intake,
and the only consistently reported adverse effect at high intakes is transient gastrointestinal upset from
unabsorbed ascorbate®®. Pro-oxidant chemistry requires free, catalytically active transition metals;
whether it occurs in vivo at nutritional intakes is not established, the evidence showing consistent

antioxidant protection of lipids but inconsistent findings for DNA oxidation"”).

12.3 Populations requiring caution

Several populations merit targeted caution. Individuals with a history of recurrent calcium oxalate kidney
stones may be advised to monitor vitamin C intake. Patients with iron-overload disorders such as
hereditary haemochromatosis should be aware that ascorbate enhances non-haem iron absorption. Chronic
kidney disease alters vitamin C metabolism and oxalate handling. Pregnant and breastfeeding women
should follow medical guidance on supplement use, and children should not receive adult formulations
without professional advice. Patients receiving multiple medicines should review any new supplement with
their prescriber or pharmacist, consistent with the rational-use and nutrivigilance principles set out for
nutraceuticals in India""!,

12.4 Potential herb—drug interactions

The most important interaction signal is antiplatelet rather than theoretical. In a randomised crossover
study in ten patients with type 2 diabetes, P. emblica extract produced statistically significant inhibition of
platelet aggregation both after a single 500 mg dose and after 500 mg twice daily for ten days, alone and in
combination with clopidogrel 75 mg or aspirin 75 mg, and bleeding and clotting times were prolonged
relative to baseline with all treatments; all regimens were well tolerated'®*!. This is a small, open-label,
single-centre study, but it is direct human evidence of a pharmacodynamic effect at a dose close to the amla
fraction of a typical supplement, and it should inform counselling rather than be discounted. Caution and,
where appropriate, clinical review are therefore warranted in consumers taking anticoagulants or
antiplatelet agents, and before elective surgery.

Amla has additionally been studied in people with type 2 diabetes, where 250 and 500 mg twice
daily improved endothelial function and oxidative-stress biomarkers'®”; no human interaction study with
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metformin, sulfonylureas, insulin or antihypertensives has been published, so monitoring remains a
precaution rather than a documented requirement. The dyslipidaemia trial recorded no clinically significant
adverse events or safety laboratory changes, although participants were required to be free of lipid-
lowering therapy for at least four weeks before enrolment, so it does not address concomitant use!’.
Because polyphenol- and tannin-rich preparations reduce non-haem iron absorption in humans by 50-90%
in a dose-dependent manner, separating administration from iron supplements by approximately two hours

is a prudent precaution™.

12.5 Gastrointestinal tolerability and administration

Gastrointestinal upset from ascorbate is an osmotic effect of unabsorbed quantities far above the amount in
a nutritional supplement”; taking the product with food is nonetheless a reasonable precaution, and the
amla dose in the published reflux trial was given after meals®®*.,

13. Quality Control, Regulatory Positioning and Claim Substantiation
13.1 Botanical authentication

Identity testing by macroscopic and microscopic examination, complemented by molecular or
chemotaxonomic markers, should confirm that the dried amla extract in Bio C derives from P. emblica L.
fruit and not from related species or adulterants. Closely related Indian gooseberry species are cultivated
commercially and studied for cosmetic and nutraceutical use, P. indofischeri among them'>'; in the authors'
view this makes species-level authentication a substantive rather than a formal requirement, and marketed
amla extracts are known to differ substantially in phenolic and ascorbate content'**'!. Plant part, drying
method and extraction provenance should be traceable to lot records.

13.2 Phytochemical quality control

Routine quality control should include HPLC determination of ascorbic acid content against validated
standards, marker-based polyphenol fingerprinting by HPLC or HPTLC, quantitative assay of marker
tannins (emblicanin A and B, gallic acid and ellagic acid), total hydrolysable tannin or polyphenol assay,
and ash, moisture and microbial content checks™. Release specifications should set minimum and
maximum limits for each marker compound.

13.3 Contaminant testing

Routine testing should address heavy metals (lead, cadmium, arsenic and mercury), pesticide residues
conforming to relevant pharmacopoeial limits, aflatoxin screening, total microbial count and absence of
specified pathogens, and residual solvents where applicable. These requirements are consistent with the
FSSAI provisions applying to health supplements and nutraceuticals, under which the Authority sets
approval, labelling and quality standards for the category!>'®.

13.4 Stability testing

Stability studies should track vitamin C content, marker tannin content, total polyphenol content and
physical parameters such as moisture and disintegration across accelerated and real-time storage
conditions. Ascorbate in amla-based products declines measurably during storage, with retention better at
low temperature!””; ascorbate is additionally labile to oxygen, light and residual moisture, so these
sensitivities should be reflected in the declared storage conditions and the assigned shelf life.

13.5 Appropriate claim categories for amla—ascorbate supplements

In India, nutraceuticals and health supplements are regulated as foods under the Food Safety and Standards
Act, 2006, with the FSSAI responsible for approvals, permitted claims and labelling standards; the
categorisation of products that resemble pharmaceuticals in form and implied therapeutic effect remains an
area of active regulatory tightening!'>'®!. Within that framework, communications for an amla—ascorbate
supplement of this composition fall naturally into two distinct and complementary categories, and the
practical task for any manufacturer in this category is to keep the two apart rather than to blend them.
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The first category comprises evidence-based structure—function statements, which rest on the modern
experimental and clinical literature reviewed in Sections 6 to 11 and are supportable for any product of this
class delivering a comparable dose:

e ‘“supports antioxidant defence”;

e “provides vitamin C, contributing to normal collagen formation”;

e “contributes to the protection of cells from oxidative stress”;

e “supports skin health”;

e “supports general wellness”.

The second category comprises traditional-use statements. It is important to recognise that the benefit areas for
which modern controlled-trial evidence is thinnest — digestive comfort, hair and scalp health, eye health and
general vitality — are precisely the areas in which amla has the longest and best-documented ethnomedical
record. These are Ayurvedic rasayana indications, described in classical texts and sustained by centuries of
continuous use across the Ayurvedic, Siddha and Unani systems, and they are recorded in the modern
ethnopharmacological literature as traditional applications rather than as demonstrated pharmacological
effects™'" ") Their present status is therefore not that of a disproven claim but of a traditional claim awaiting
modern confirmation, and this distinction is what allows them to be communicated responsibly.

Statements of this kind can legitimately be presented as heritage of use — for example, that amla
has been used traditionally in Ayurveda as a rasayana associated with digestive comfort, hair and scalp
care, eye health and general vitality — provided three conditions are met. The traditional origin is stated
explicitly, so that the consumer understands the basis of the statement. The wording remains descriptive of
use rather than of effect. And the product is not positioned as a treatment for, or a substitute for medical
management of, any diagnosed condition. On that basis, a supplement of this class is properly understood
as a general nutritional and traditional-wellness product rather than as a medication, which is both the
accurate scientific position and the appropriate commercial one.

What remains outside both categories is the therapeutic claim: the assertion that the product treats,
prevents or cures a defined disease. Statements such as “treats GERD”, “prevents age-related macular
degeneration”, “prolongs vitamin C retention in the body”, “prevents hair loss” or “reverses skin ageing”
are disease claims, and a disease claim requires a randomised controlled trial of the finished product with
endpoints matched to the claim, irrespective of how strong the traditional or mechanistic rationale may be;
this is the substantiation standard implied by the FSSAI framework for the category!'>'®!. The four pillars
that determine which category a given statement belongs to are set out in Figure 3, and the claim-by-claim
framework, including the traditional basis available for each benefit area, is given in Table 4.

Claim framework for amla-ascorbate supplements
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Fig 3: Claim framework for amla—ascorbate supplements. The formulation rationale (left) is assessed
against four pillars — phytochemical plausibility, standardisation and bioavailability, clinical evidence for
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the ingredient class, and regulatory compliance — which together sort communications into three bands.
Evidence-based structure—function statements are supported by the modern literature; traditional-use
statements are supported by the documented Ayurvedic record and may be presented as heritage of use
when the traditional origin is stated; therapeutic statements require a randomised controlled trial of the
finished product regardless of how strong the traditional or mechanistic rationale is.

Table 4: Claim framework for amla—ascorbate supplements: evidence-based structure—function statements,
traditional-use statements, and therapeutic statements that require product-specific trials.

Benefit area

Evidence-based
structure—function
statement

Traditional (Ayurvedic)
basis available

Statement reserved for future clinical
trials

“Contributes to the

Antioxidant protection of cells Rasayana classification; | “Neutralises free radicals and prevents
and cellular from oxidative long use for vitality and | disease” — a disease-prevention
protection stress”; “supports resilience!' ! claim!"
antioxidant defence”
“Provides vitamin C, . ) “High-potency vitamin C for immune
o o Amla is the classical £°p . Y
Vitamin C contributing to . protection” — 80 mg meets the
.. dietary source of the 65] .
nutrition normal collagen . .. 18] | ICMR-NIN allowance"™ but is a
. vitamin C principle™ o . (1
formation nutritional, not therapeutic, dose
. “Reverses skin ageing”; “removes
“Supports skin . . . ' geme 5 | .
e Long-standing use in wrinkles” — the supporting trials used
. health”; “supports . . . o .
Skin complexion and skin different combination formulations,
normal collagen [17,50] .. .
. care " and the elasticity and wrinkle data
formation . . [50,52,53]
include a topical route™>"
Dyspepsia, .
. yspepsia . “Treats GERD”; “replaces antacids or
. General digestive hyperacidity, colic and N .
Digestive . PPIs” — the placebo-controlled trial
comfort as part of flatulence are explicitly
comfort used 2000 mg/day amla, more than

daily nutrition

recorded classical

e [417
indications®!'”

twice this dose!**

Hair and scalp

Provides nutrients
that support normal
hair biology

Among the most widely
documented traditional
uses of the fruit!!"!®

99, ¢

“Prevents hair loss”; “treats alopecia”
— the controlled clinical data are
from topical serums, the oral human
reports are uncontrolled, and the
supporting mechanistic evidence is
preclinical®®%*¢%!

Ocular antioxidant

Classical rasayana

“Prevents AMD?”’; “protects the

Eye health support as part of indication for eye macula” — a therapeutic endpoint tied
daily nutrition health!'”'¥] to the AREDS composition™*®**!
. “Prolongs vitamin C retention in the
Nothing beyond the ” & .
Ascorbate o body” — never tested in humans;
. . declared vitamin C None . .
disposition plasma ascorbate is constrained by
content . . [38,39]
absorption and renal handling"™
« Rasayana tradition of Any treatment, cure or prevention
Supports general . . . .
General daily use for general wording — requires specific

wellness”

vitality!'”!

regulatory authorisation!'>'®!

13.6 Evidence expectations for this product class

The hierarchy of evidence used throughout this review places ingredient-level evidence below formulation-
specific evidence, and formulation-specific evidence below product-specific evidence. The published
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evidence for amla—ascorbate supplements as a class, Bio C included, currently sits at the ingredient level
for the botanical component and at the nutrient level for ascorbate, which is the normal position for
nutraceuticals in this category and is not peculiar to any single brand. Very few marketed botanical
supplements of any kind carry finished-product randomised trials, and the absence of one is therefore a
description of the category’s evidence maturity rather than a deficiency of a particular product.

Two consequences follow. First, within the nutritional and traditional-use categories set out in
Section 13.5, a product of this composition is well supported: the antioxidant and nutritional rationale rests
on several randomised trials of the ingredient, and a meta-analysis of them, at doses bracketing this one,
and the traditional indications rest on a documented ethnomedical record. Second, any move from those
categories into disease-specific territory requires the manufacturer to generate product-specific data — a
properly designed clinical trial with full disclosure of extract standardisation, dose justification, endpoints
consistent with the claim category, and complete adverse-event reporting. Manufacturers who invest in that
work convert a well-founded general supplement into a substantiated health-claim product; until then,
positioning the product as a daily antioxidant and traditional-wellness supplement is both defensible and

commercially sufficient™'>'®,

14. Evidence Integration and Critical Appraisal
14.1 Strength of evidence by health domain

When the six review domains defined in Section 1.4 are appraised together, they resolve into seven strands
— the ocular domain separating into general ocular antioxidant relevance and AMD-specific protection,
and the vitamin C disposition domain contributing prolonged systemic retention as a distinct claim. Each
strand is graded here on two axes that are often conflated: the modern experimental and clinical evidence
available for it, and the traditional Ayurvedic record that stands behind it. A strand may be weak on the first
axis and strong on the second, and the two together determine how a supplement of this composition
should be described. Figure 4 maps each strand onto the tier corresponding to the strongest modern
evidence available, and Table 5 gives the full appraisal, including the traditional basis and the resulting
wording, together with a final cross-cutting row on finished-product performance that is not itself a benefit
strand.

e Antioxidant and nutritional support — strongest modern evidence. Randomised trials of standardised
amla extract across several populations, and a meta-analysis of nine randomised trials in 535
participants at 500—1500 mg/day over 14-84 days, place this strand at the top of the hierarchy; that
dose range brackets the 900 mg/day amla fraction. The trials differ in population and primary
endpoint, rather than being replications of one another, and the pooled analysis reports reductions in
low-density lipoprotein cholesterol, very-low-density lipoprotein cholesterol, triglycerides and high-

sensitivity C-reactive protein while cautioning that heterogeneity limits confidence 7**!,

e Skin antioxidant and collagen support — biologically established. The dependence of prolyl and lysyl
hydroxylase on ascorbate, together with in vitro photoprotection, melanin-modulatory and collagen-
biosynthesis data for amla polyphenols, supports a meaningful biological contribution; the 12-week
lingonberry plus amla trial, the 90-day multi-herbal supplement study and the 84-day topical branch-
extract trial provide pilot clinical confirmation for the amla polyphenol matrix in skin physiology, and
amla’s use in skin and complexion care is a long-standing Ayurvedic application!'>'7*%%%3],

e QGastroesophageal reflux and digestive comfort — clinical evidence at a higher dose, on a strong
traditional base. A double-blind placebo-controlled trial of amla monotherapy at 2000 mg/day for four
weeks significantly reduced the frequency and severity of heartburn and regurgitation in 68 adults
with non-erosive reflux disease”"; an open-label comparative trial of a different multi-herbal
formulation and preclinical rodent data provide supporting context'**>. This sits on top of one of
amla’s best-documented classical indications, dyspepsia and hyperacidity being explicitly recorded as
traditional uses''”. Because the trial dose is more than twice the amla fraction of a typical supplement,
the appropriate description remains digestive comfort rather than treatment of reflux disease.

1087



Leroy Rebello et al.,/Int. J. Pharmacy & Industrial Research, 16(3) 2026 [1065-1098]

e Hair and scalp health — mechanistic and formulation-specific evidence on a strong traditional base.
P. emblica is a potent in vitro 5o-reductase inhibitor and promotes hair growth in mice®**"; a 90-day
trichoscopy-based clinical study of a topical amla-containing serum reported significant improvement
in hair growth rate and density'®” with further preclinical and uncontrolled reports of oral and topical
amla preparations”®***"2]_Hair and scalp care is among the most widely documented traditional uses
of the fruit"'”. Vehicle, dose and accompanying ingredients differ between those studies and an oral
amla—ascorbate tablet, so the supportable description is nutritional and traditional support for normal
hair biology.

e Ocular antioxidant relevance — established physiology, traditional endorsement, no clinical endpoint.
Ascorbate physiology in ocular fluids, carotenoid biology and polyphenol cytoprotection in retinal
pigment epithelial cells provide a strong mechanistic case, and eye health is a classical rasayana
indication for amla; what is absent is amla-specific clinical ocular-endpoint data, so the wording

should stay at the level of ocular antioxidant support as part of daily nutrition!***2%*,

e Age-related macular degeneration — a therapeutic endpoint, not a supplement claim. The AREDS
evidence base requires 500 mg of vitamin C together with vitamin E, zinc, copper and macular
carotenoids, a composition no amla—ascorbate supplement matches. This is a disease endpoint
requiring a specific formulation and dose, and it lies outside the claim space of a general supplement
. . .. [40-42,46-49]
irrespective of traditional use .

e Prolonged vitamin C retention — an untested hypothesis, not a claim. Human plasma ascorbate is
tightly constrained by absorption and renal handling™ and transporter evidence locates the dominant
determinant of retention in renal reabsorption”®. No human pharmacokinetic study of a dual-
component amla plus ascorbate product has been published, so the question is untested rather than
merely unproven. It is well defined and readily testable.

Evidence map for the seven appraisal strands

Maden svidence left pyramed! and traditional Aparvedc bashs (right) are graded sdependently

* ---------------------- TRADKTIOMAL (AT LRVEDNCT RASIS

WEAKES | EVERCING on
CVDENCE Protasged ssczrbate rmtenson ! A Dor

Therupeutic endpsint
[ lopmiswite omneiionis ik
Age reteted el degenestion
Mechanistic dogical
Stavivhet baology, o thea o rvdowed ndication A “ e Meaith
Oxakar armumishert sebrarsne e '

Formulation specfic = mechansti
- ® Among the most widaly
vidte at orhar avda producte in wWia k

decumanted ad GO uses

Vaw and scalp hanith

. Dpspepais and Aypevaciity
o clacncal torte

DECREAS™NG MODERN EVIDENCE

/ Mechanistic establahed « pliot clirical \
) o Ascortus Sology; plot trisks of wrils products . Lang aaw i1 complesicn
Sk antionidant and colinges support \ and skin Gave

[ 4

STROMGER e triaks

CAmNCE 2505000 rrgy dey vianderdoed aris evisect
Antionidont and meritisnal seppon

- Rosapana: dally vaw for
paneal witalty

The Tws gradinigs ore evdepanders. Sarilive. has and eyt Uranes s2 Wrw of evoders ewabonice yet 1eal o 3 boeg wd wel decurmeniod
Ayurvasic recond sl th e atard e wirong o both. Product-speefic rendermbed ik woust rove ndracusd atends
< the pryramat. thy are oot reqoied ar ther russticnal snd tadtonai-we poethening descaibed i Secton 1351

Fig 4: Evidence map for the seven appraisal strands of amla—ascorbate supplements. Each strand is placed
at the tier corresponding to the strongest modern evidence available for it, from replicated randomised
controlled trials of standardised amla extract at the base to hypothesis-level at the top. The right-hand
column records the traditional Ayurvedic basis for the same strand, which is independent of the modern
tier: several strands sit low on modern evidence while resting on a long and well-documented
ethnomedical record. Read together, the two columns show why these products are properly described as
nutritional and traditional-wellness supplements rather than as medicines, and where product-specific trials
would add the most.
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Table 5: Strength-of-evidence summary for the proposed benefit strands of amla—ascorbate supplements,
graded on both modern evidence and traditional basis, with the resulting supportable wording.

Traditional

Appraisal Best available modern Modern . Supportable
K . . (Ayurvedic) .
strand evidence evidence tier . wording
basis
RCTs across several Primary
Antl.o.x1dant and | populations at 500—1000 . Clinical (RCT + Rasayana; e
nutritional mg/day, and a meta-analysis meta-analysis) general function
support of 9 RCTs (n = 535) at 500— Y Vitalitym] rationale
1500 mg/day> 7!
Ascorbate-dependent
h, 1 iology; P, .
. . ydr(?xy ase biology; . . . “Supports skin
Skin antioxidant | emblica procollagen and anti- | Mechanistically Complexion
. . health and
and collagen collagenase data; 12-week established + and skin
. . . [17] normal collagen
support oral and 84-day topical pilot clinical care -
. . formation
randomised trials plus a 90-
day pilot!1220:50525%]
Double-blind placebo-
controlled trial of amla
Digestive monotherapy, 2000 mg/day Dyspepsia, Traditional
comfort and for 4 weeks, in 68 adults with | Clinical, at a hyperacidity, digestive
reflux non-erosive reflux disease”"; | higher dose colic explicitly | comfort; not a
symptoms open-label comparative trial recorded!"”’ reflux treatment
of a multi-herbal capsule and
rodent data!'***!
P. emblica among the most
potent in vitro Sa-reductase .
o . . . . Nutritional and
inhibitors with hair growth in . Widely .\
. . [56]. . Formulation- traditional
Hair and scalp mice"; 90-day trichoscopy . documented
. specific + . support for
health study of a topical amla . hair and scalp .

[60]. .. mechanistic [17] normal hair
serum'”; preclinical and use biolo
uncontrolled oral gy
reports!>752:61.62]

. . . Ocular
Ascorbate physiology in Classical ..
Ocular . . antioxidant
. ocular fluids; polyphenol Mechanistic and | rasayana eye-
antioxidant . . . . support as part
cytoprotection in retinal physiological health .
relevance . . . [24-26,43] .- . [18] of dally
pigment epithelium indication .
nutrition
ARED AREDS2 i Th i . ide th
Age-related S a.nd . S require erap eutie Not a distinct Ou.t51de the
500 mg vitamin C with endpoint; o claim space of a
macular o . o traditional
. vitamin E, zinc, copper and composition- C o general
degeneration . 1 [40-42,46.47] . indication
carotenoids o specific supplement
No human study of a
Prolonged combined amla—ascorbate Research
o . Untested .
vitamin C product; plasma ascorbate is . None question; no
. . . hypothesis .
retention constrained by absorption and claim at present
renal handling”®*”’
Finished- Product-specific randomised . Positioned as a
) Product-specific .
product trials are largely absent across tier open Not applicable | supplement, not
performance this category P a medicine
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(cross-cutting,
not a benefit
strand)

14.2 Major limitations of the literature

Several recurring limitations constrain the evidence base. Clinical samples are small: total enrolment ranges
from 15 in the crossover study to 98 in the dyslipidaemia trial, roughly 20 to 50 participants per arm, with 68 in
the reflux trial® "**!. Intervention periods are short — 14 to 84 days across the pooled randomised trials™* and
four to eighteen weeks in the studies reviewed here™**. Amla extracts used across studies vary in format —
fresh juice, aqueous extract, hydroalcoholic extract, ethyl acetate extract and dried powder — and most are
reported without adequate standardisation to polyphenol or tannin markers™*. Doses range widely across trials,
hampering dose translation. Many published studies evaluate combination formulations in which the
contribution of any single ingredient cannot be isolated, for example the lingonberry plus amla drink and the
multi-herbal skin supplement™*>!. Part of the frequently cited mechanistic literature was generated in
congeneric Phyllanthus species rather than in P. emblica, which requires care in attribution™’. Finished-product
randomised trials are largely absent across this product category rather than for any one brand. Mechanistic and
preclinical findings are over-represented relative to clinical endpoints, and long-term safety data beyond twelve
months of continuous use are limited.

14.3 Overall benefit—evidence relationship

Taken together, a supplement combining a standardised amla fruit extract at a dose within the studied
envelope with a nutritionally complete quantity of ascorbate is a scientifically coherent formulation, and
Bio C is a representative example of the class. Its antioxidant and nutritional rationale rests on the strongest
evidence available in this field — several randomised trials of the botanical ingredient and a meta-analysis
of them, supported by well-characterised ascorbate biology — and its remaining benefit areas rest on a
documented Ayurvedic record together with consistent mechanistic and pilot clinical data. The appropriate
positioning follows directly: a daily nutritional and traditional-wellness supplement supporting antioxidant
defence, normal collagen biosynthesis and general skin, hair, digestive and ocular wellbeing, presented as a
supplement rather than as a medicine, with disease-specific outcomes held back for product-specific trials.
Framed this way, the product class is well supported on its own terms, and the outstanding research
questions are opportunities to strengthen it rather than deficiencies in it.

15. Research Gaps and Future Directions
15.1 Analytical characterisation of Bio C

Priority should be given to a complete analytical profile of the finished Bio C product, including the native
extract ratio of the amla component, total hydrolysable tannin content, quantitative emblicanin A and B
content, gallic and ellagic acid content, true ascorbic acid content, residual moisture, and shelf-life stability
under accelerated and real-time storage conditions. Species-level botanical authentication should be
documented alongside the chemical profile. This characterisation is the prerequisite for any subsequent

clinical interpretation”*,

15.2 Bio C pharmacokinetic study

A single-dose and steady-state pharmacokinetic study comparing Bio C with a reference 80 mg
conventional vitamin C preparation would clarify whether the amla polyphenol matrix alters the
absorption, plasma profile or urinary excretion of ascorbate. Because renal reabsorption is the dominant
determinant of ascorbate economy, the design should include urinary fractional excretion alongside plasma
kinetics”®**! and parallel biomarkers of polyphenol absorption such as ellagic acid metabolites and gallic
acid conjugates to confirm that the tannin fraction is biologically available.

15.3 Antioxidant biomarker trial

A randomised, placebo-controlled trial measuring plasma vitamin C, reduced glutathione, malondialdehyde, 8-
OHdG and high-sensitivity C-reactive protein over 8—12 weeks would provide direct Bio C—specific evidence
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for the formulation’s core antioxidant rationale, building on the design strengths of the 18-week crossover and
12-week parallel-group metabolic-syndrome trials™®. Endpoint selection should be governed by what each
marker can actually detect. Ascorbate is a poor candidate for lipid-peroxidation endpoints: in a controlled
depletion—repletion study, plasma and urinary F2-isoprostanes and a major urinary F2-isoprostane metabolite
were unchanged at every vitamin C dose from 30 to 2500 mg/day[66]. F2-isoprostanes therefore belong in such a
trial only as a test of the hydrolysable tannin fraction, which that null result does not govern, and should be
powered and interpreted on that basis rather than as a general oxidative-stress readout. The markers that have
responded to standardised amla extract in published trials — malondialdehyde, glutathione, nitric oxide and 8-
OHJG — remain the more defensible primary choices™®.. Endothelial function endpoints such as reflection
index or flow-mediated dilatation would add value.

15.4 GERD or NERD clinical study

A product-specific randomised study in non-erosive reflux disease, using the validated reflux-symptom
instruments already applied in this indication and comparing symptom improvement against placebo over
8-12 weeks, would establish whether the 900 mg/day amla fraction produces measurable symptomatic
benefit at less than half the 2000 mg/day dose used in the published placebo-controlled trial®*.

15.5 Skin-health study

A controlled study measuring corneometer hydration, cutometer elasticity, transepidermal water loss and
serum or urinary biomarkers of collagen metabolism, such as procollagen type I C-terminal propeptide or

urinary collagen crosslinks, over 12-24 weeks would quantify the skin-relevant contribution of Bio
cl123052]

15.6 Hair-health exploratory trial

An exploratory trial measuring trichoscopy-derived hair density, shaft diameter, anagen-to-telogen ratio
and patient-reported outcomes in women with self-perceived thinning or female-pattern hair loss would
generate an initial signal of clinical effect in hair biology, building on the 90-day trichoscopy study of a
topical amla-containing serum!®” and on the preclinical 5a-reductase and follicular data*").

15.7 Ocular-health research

Initial research should focus on oxidative biomarkers and general ocular nutritional status rather than on
AMD treatment endpoints. A study measuring plasma ascorbate concentrations together with non-invasive
retinal imaging markers over 6—12 months would generate foundational data for any subsequent AMD-

targeted evaluation®**,

16. Practice Points and Clinical Takeaways

e For adults seeking daily antioxidant and nutritional support. This is the domain with randomised-trial
support at doses that bracket the 900 mg amla fraction by weight — comparability by potency depends
on marker standardisation that is generally not published for finished products in this category — and it

is the appropriate primary positioning for Bio C* !,

e For consumers expecting a high-dose vitamin C product. The 80 mg of ascorbate meets 100% of the
ICMR-NIN 2020 recommended dietary allowance for Indian adults'® but is well below the 200
mg/day proposed as optimal for antioxidant benefit; Bio C should not be presented as a high-potency
ascorbate supplement”"'",

e For consumers with reflux symptoms. The placebo-controlled evidence comes from amla monotherapy
at 2000 mg/day over four weeks in diagnosed non-erosive reflux disease”*) — more than twice the
amla fraction of a typical supplement. Such a product should not be substituted for prescribed acid-
suppressive therapy, and persistent or alarm symptoms warrant medical assessment.

e For consumers seeking macular protection. The original AREDS formulation contained 500 mg of
vitamin C with vitamin E, beta-carotene, zinc and copper'*; AREDS2 replaced beta-carotene with the
macular carotenoids lutein and zeaxanthin!***"!. Bio C contains neither the dose nor the additional
components, and consumers with established AMD should be directed to an AREDS-compliant product
on ophthalmological advice.
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e For consumers with a history of renal oxalate stones. Ascorbate is metabolised in part to oxalate, and
supplementation at 1000 mg twice daily raised urinary oxalate and calcium-oxalate stone risk in about
40% of participants in a controlled crossover study'®”. At 80 mg the contribution is small and within
the ordinary dietary range, but consumers with recurrent calcium-oxalate nephrolithiasis should seek
clinical advice before regular use of any ascorbate supplement.

e For consumers taking antiplatelet or anticoagulant medicines. P. emblica extract 500 mg inhibited
platelet aggregation and prolonged bleeding and clotting times, alone and with clopidogrel or aspirin,
in a small crossover study in type 2 diabetes®*). Consumers on these medicines, and those approaching
elective surgery, should seek clinical advice before regular use.

e Administration and tolerability. Gastrointestinal upset from ascorbate is an osmotic effect of
unabsorbed quantities well above a nutritional dose®®; taking the product with food remains a
reasonable precaution.

e Expectation setting. Consumers are best served by a plain two-part message: the antioxidant and
nutritional rationale rests on randomised trials of the botanical ingredient, while the digestive, hair, skin
and eye associations rest on a long Ayurvedic record that modern trials have not yet reproduced in full.
Presented that way, the product is an honest general supplement rather than a medicine, which in a
category marked by widespread over-claiming is also the stronger commercial position!>'"".

17. Conclusion

Bio C is a scientifically plausible nutraceutical formulation combining 900 mg of dried amla fruit extract
with 80 mg of vitamin C per serving. Its strongest evidence-based rationale is antioxidant and nutritional
support, anchored by randomised trials at doses that bracket the 900 mg fraction by weight, although
comparability by potency depends on standardisation data that this category does not routinely publish:
individual trials reported lower malondialdehyde with higher glutathione and nitric oxide! reduced 8-
hydroxy-2'-deoxyguanosine and improved high-density lipoprotein cholesterol” improved lipid profile!”
and were well tolerated. A meta-analysis of nine randomised trials reported pooled reductions in low-
density lipoprotein cholesterol, triglycerides and high-sensitivity C-reactive protein, which its authors
cautioned should be interpreted conservatively given substantial statistical and clinical heterogeneity™".
The vitamin C component supports normal collagen formation''” and contributes to systemic antioxidant
defence!”'"! while the amla component supplies hydrolysable tannins to which the fruit’s antioxidant
activity was attributed in primary rodent work, rather than to its ascorbate!'”’ alongside gallic and ellagic
acids'™. Placebo-controlled clinical evidence supports a role for amla monotherapy in reflux-symptom
modulation, but at 2000 mg/day, more than twice the 900 mg/day amla fraction of this formulation®";
supporting reports of polyherbal and adjunctive amla preparations are open-label''***). Skin and hair
findings are biologically supported by in vitro collagen-biosynthesis’***"! tyrosinase-inhibition data for a
topically applied amla branch extract™ and 5o-reductase data®® and by a randomised oral trial of a
lingonberry—amla combination supplying far less amla extract than a 900 mg fraction™” together with an
uncontrolled study of a topical amla-containing serum'® but require product-specific confirmation. Age-
related macular degeneration risk reduction is tied to the AREDS composition and dose'*”*" and prolonged
vitamin C retention has never been tested in humans for a combined amla—ascorbate product®™*”); neither
should be claimed. Formulation-specific clinical trials spanning pharmacokinetics, antioxidant biomarkers
and the principal target domains remain the necessary next step before any expansion of the current
nutraceutical positioning.
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