Positioning statement. This paper does not argue that vitamin C is an established treatment for
borderline personality disorder. It presents a mechanistically grounded but clinically unproven
hypothesis and proposes a specific pilot trial to test it. The paper is meant as an invitation to

empirical examination, not as a claim that efficacy is already known.
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Abstract

Borderline personality disorder (BPD) is characterized by affective instability, impulsivity,
interpersonal dysfunction, and marked stress reactivity. Psychotherapy, especially dialectical
behavior therapy (DBT), remains the treatment cornerstone, while adjunctive biological
interventions have a comparatively limited evidence base. This narrative, hypothesis-
generating overview examines whether ascorbic acid (vitamin C) deserves empirical study as
an adjunctive intervention in BPD. The rationale is mechanistic rather than evidentiary.
Vitamin C is an established cofactor for dopamine-B-hydroxylase (DBH), supports
tetrahydrobiopterin (BH4)-dependent monoamine synthesis, and modulates glutamatergic
NMDA-related signaling. These pathways intersect conceptually with aspects of BPD
neurobiology involving emotional dysregulation, frontolimbic dysfunction, stress sensitivity,
and possible catecholaminergic involvement. At the same time, several counterarguments
substantially limit the hypothesis: catecholamine findings in BPD are inconsistent; Friedel’s
dopamine model was explicitly presented as circumstantial; meta-analytic evidence for vitamin
C in mood is mixed (Hedge’s g=0.09, N=836, n.s.); and brain ascorbate homeostasis may limit
the impact of oral supplementation in replete individuals. Accordingly, this paper does not
argue that vitamin C is likely to treat BPD. Rather, it proposes that vitamin C is a low-cost,
biologically plausible, and testable candidate for preliminary evaluation. A randomized,
double-blind, placebo-controlled pilot trial is outlined (N=80; 24 weeks; vitamin C 1,000
mg/day vs. placebo as add-on to DBT), with the Borderline Symptom List-23 (BSL-23) as the
primary outcome and plasma ascorbate, homovanillic acid (HVA), and 3-methoxy-4-
hydroxyphenylglycol (MHPG) as exploratory biomarkers. This is an invitation to empirical

testing, not a claim that therapeutic efficacy is established.
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1. Introduction

Borderline personality disorder is a severe psychiatric condition characterized by affective
lability, impulsive self-damaging behavior, unstable attachment, chronic emptiness, anger
dyscontrol, and heightened reactivity to interpersonal stress. It affects an estimated 1-2% of the
general population and up to 20% of psychiatric inpatients, with lifetime suicide rates of 8-10%
(Leichsenring et al., 2011; Paris, 2019). Across current treatment frameworks, structured
psychotherapy remains the central intervention, with DBT among the most empirically
supported approaches (Storebg et al., 2020). Pharmacotherapy has a more limited and
symptom-targeted role; no medication carries regulatory approval for BPD, and a Cochrane
review concluded that the evidence for any pharmacological agent is of low to very low quality
(Stoffers-Winterling et al., 2022).

Nutritional supplementation has received minimal attention. Only omega-3 fatty acids have
been tested in replicated trials, yielding a pooled effect size of d=0.54 for overall BPD symptom
severity across four RCTs totaling 137 patients (Karaszewska et al., 2021). No study has

examined vitamin C in BPD or in any personality disorder.

The present paper is intentionally net a systematic review. It is a narrative, hypothesis-
generating overview that asks whether a specific biochemical fact pattern justifies a pilot trial.
Vitamin C has well-established roles in catecholamine and monoamine-related
neurochemistry, while parts of BPD neurobiology may involve dysregulation in those same
systems. The purpose is not to infer efficacy from mechanism, but to determine whether a
cautious translational hypothesis is sufficiently plausible to test.

2. Why Consider Vitamin C in BPD?

The starting point is not that BPD is a “vitamin deficiency disorder,” nor that catecholamine
dysfunction has been conclusively demonstrated in BPD. The case depends on convergence

across several weaker-to-moderate evidence strands rather than on any single decisive finding.

3. BPD Neurobiology: What Is Actually Known?

3.1 Serotonergic findings are stronger than catecholaminergic findings

The best-established neurotransmitter findings in BPD concern serotonin. Reduced CSF 5-
HIAA, blunted prolactin responses to fenfluramine (Coccaro et al., 1989; Soloff et al., 2000),



and PET evidence of decreased serotonin synthesis capacity in corticostriatal circuits (Leyton
etal., 2001; N=13 BPD vs. 11 controls) have been replicated across independent groups. TPH2
gene variants associate with affective lability independent of aggression (Gutknecht et al.,
2007; Perez-Rodriguez et al., 2010). Evidence strength: strong. This matters because any
catecholamine-based vitamin C hypothesis should not replace the serotonin literature. At most,
the BH4-related mechanism discussed below suggests a possible bridge between
catecholaminergic and serotonergic physiology.

3.2 Dopamine: plausible, but still indirect

Friedel’s (2004) influential hypothesis proposed that dopaminergic dysfunction could
contribute to emotional dysregulation, impulsivity, and cognitive-perceptual symptoms, but he
stated clearly that the evidence was circumstantial. That caution must be preserved, not
softened. Still, some data are worth noting. Tadic¢ et al. (2009) reported overrepresentation of
the COMT Met158Met genotype in BPD (N=161 vs. 156 controls; p=0.0085). Joyce et al.
(2006) reported DAT1-related risk estimates in the range of OR=2.67-3.67. Hess et al. (2009)
examined DBH-related impulsive personality traits in a combined sample of N=1,613,
supporting the broader relevance of catecholamine-related genes to impulsivity-associated
phenotypes. These findings are not definitive evidence of dopamine dysfunction in BPD, but
they indicate that catecholaminergic biology is not an unreasonable place to look. Evidence

strength: moderate.

3.3 Norepinephrine: sparse and internally contradictory

The noradrenergic literature is weaker and more problematic. Gardner et al. (1990) found no
significant CSF differences in HVA or MHPG between BPD patients and controls. Coccaro et
al. (2003) reported that plasma free MHPG correlated inversely with life history of aggression
in personality-disordered subjects (N=30), whereas earlier central measures had suggested the

opposite direction.

More importantly, Philipsen et al. (2004) found that clonidine—an alpha-2 adrenergic agonist
that reduces noradrenergic firing—improved hyperarousal-related symptoms in women with
BPD. This is an important counterargument. If reducing noradrenergic tone helps some BPD
patients, one cannot simply assume that a nutrient participating in norepinephrine synthesis
would be beneficial by increasing catecholamine output. The correct inference is not that
vitamin C should help, but that catecholaminergic modulation in BPD is likely complex, state-
dependent, and heterogeneous across patients. Evidence strength: weak. This strand

weakens rather than supports a simple “more norepinephrine” model.



3.4 Frontolimbic dysfunction is robust, but not transmitter-specific

Functional imaging consistently implicates frontolimbic dysregulation in BPD, especially
impaired prefrontal control over limbic reactivity (Schulze et al., 2016). The normal positive
OFC-amygdala metabolic correlation present in controls is absent in BPD (New et al., 2007;
N=26 vs. 24). These findings support the idea that biologically relevant adjuncts might
influence emotion regulation circuitry, but they do not identify a single neurotransmitter lesion.
Evidence strength for PFC dysfunction: strong. For catecholaminergic specificity:

moderate.

4. Mechanism 1: Vitamin C as a Cofactor for Dopamine-f-
Hydroxylase

Evidence strength: very strong biochemically; weak clinically in BPD.

Ascorbic acid is the obligatory electron donor for DH, the enzyme converting dopamine to
norepinephrine. This relationship, characterized since 1960 (Levin et al., 1960), has been
confirmed in biochemical, vesicular, and neuronal systems. In SH-SY5Y neuroblastoma cells,
norepinephrine synthesis was stimulated several-fold by intracellular ascorbate, with half-
maximal effects at 0.2—-0.5 mM—consistent with physiological intraneuronal concentrations
achievable from extracellular ascorbate below 25 pM via SVCT2 concentrative transport (May

et al., 2013). This is established enzymology, not speculation.

However, a true enzymatic role does not imply therapeutic relevance in BPD. The direction of
noradrenergic dysfunction in BPD is not established, and the clonidine findings caution against
simplistic “more norepinephrine is better” thinking. The DBH mechanism supports
plausibility, not directional certainty.

5. Mechanism 2: Vitamin C, BH4 Recycling, and Monoamine
Synthesis

Evidence strength: moderate-to-strong preclinical; indirect clinically.

Ascorbate helps maintain tetrahydrobiopterin (BH4), a critical cofactor for both tyrosine
hydroxylase and tryptophan hydroxylase, the rate-limiting enzymes for catecholamine and
serotonin synthesis respectively. Ascorbate reduces the trihydrobiopterin radical more
efficiently than glutathione (May et al., 2012). SVCT2 knockout mice show ~33% reductions
in cortical dopamine and norepinephrine with decreased tyrosine hydroxylase protein (Harrison
et al.,, 2010). ODS rats (unable to synthesize ascorbate) show decreased brain BH4 with
concurrent monoamine reductions (Nakanishi et al., 2019). At intracellular ascorbate above 1.5

mM, tyrosine hydroxylase expression itself increases (May et al., 2012).



This mechanism broadens the rationale in two ways. First, it extends beyond norepinephrine to
dopamine and serotonin—important because serotonergic evidence in BPD is stronger than
catecholaminergic evidence. Second, it allows a more nuanced hypothesis: any clinical effect,
if present, may relate not to a single catecholamine increase, but to support of monoamine
synthesis under biologically stressed or marginal conditions. Still, most evidence is preclinical.
Human in vivo proof that ordinary oral vitamin C substantially shifts central BH4-dependent

neurotransmission is lacking.

6. Mechanism 3: NMDA / Glutamatergic Modulation

Evidence strength: strong preclinical; weak-to-indirect clinically.

Ascorbate modulates NMDA receptor function through redox-sensitive cysteine residues and
has shown neuroprotective effects in glutamatergic models (Majewska et al., 1990). Grosjean
and Tsai (2007) proposed NMDA neurotransmission as a critical mediator of BPD. This
mechanism broadens the rationale beyond catecholamine synthesis and suggests that vitamin C

could, in theory, intersect with stress-sensitive excitatory signaling.

This mechanism should not be oversold. It does not show that vitamin C has ketamine-like
clinical relevance in BPD, nor does it establish symptom-level efficacy. Its value is mainly that
it broadens the biological rationale. No human study has demonstrated that vitamin C improves
emotion regulation through NMDA -related pathways.

7. The Blood-Brain Constraint

The brain maintains ascorbate at 4-200 times plasma levels via SVCT2 active transport
(Harrison & May, 2009). CSF concentrations plateau when plasma exceeds ~45 pmol/L; oral
supplementation raises brain levels by only ~20% in replete individuals (Lykkesfeldt &
Tveden-Nyborg, 2019). This is the main translational bottleneck.

The hypothesis is therefore more plausible if BPD patients have suboptimal vitamin C status.
Indirect support exists: psychiatric inpatients commonly show mild deficiency (Bari et al.,
2023), and BPD patients frequently exhibit smoking, chaotic eating, and substance use—all
depletion risk factors. However, this has never been measured specifically in BPD. If patients

are replete, the marginal benefit of supplementation may be negligible.

8. Clinical Psychiatric Evidence: Mixed and Incomplete

A meta-analysis of 10 RCTs (Yosaee et al., 2021; N=836) found no significant overall mood
effect (Hedge’s g=0.09, p=0.465), with a modest subgroup signal only in subclinical depression
(g=—0.18, p=0.041). Individual trials are contradictory: Amr et al. (2013) found vitamin C



1,000 mg/day significantly augmented fluoxetine in pediatric MDD (N=24, 6 months,
p<0.0001 on CDRS), while Sahraian et al. (2015) found no benefit added to citalopram in adult
MDD (N=43, 8 weeks).

The most consistent signal concerns stress reactivity. Brody et al. (2002) demonstrated that
3,000 mg/day for 14 days produced lower systolic blood pressure responses, faster cortisol
recovery, and reduced subjective stress during the Trier Social Stress Test (N=120, double-
blind RCT). In a disorder as stress-reactive as BPD, that is conceptually relevant—but still far

from proof of efficacy on core BPD symptoms.

Crucially, no clinical evidence exists for vitamin C affecting impulsivity or emotion
regulation—the domains most central to BPD. This is not a small gap; it is the main reason this

paper remains a hypothesis rather than a treatment argument.

9. The Major Counterarguments

9.1 Friedel’s dopamine model remains circumstantial

This is the most important conceptual restraint. The dopamine hypothesis in BPD remains
influential because it is intellectually interesting, not because it has been directly confirmed. No

honest rationale paper should write as if dopamine dysfunction in BPD were established fact.

9.2 The noradrenergic story is inconsistent, and clonidine is a real objection

The clonidine finding (Philipsen et al., 2004) points in the opposite direction from a simplistic
catecholamine-enhancement model. If benefit occurs, it may come primarily through BH4-
related serotonergic support or stress-buffering effects rather than norepinephrine

enhancement.

9.3 The clinical vitamin C literature is mixed

Meta-analytic evidence for mood benefit is not robust (Yosaee et al., 2021; g=0.09, n.s.). BPD-
relevant symptom domains—impulsivity, affective lability, interpersonal dysfunction—have
not been tested.

9.4 Brain ascorbate homeostasis limits oral supplementation

Any signal may be strongest in participants with lower baseline status. In replete individuals,
the effect may be negligible. This is precisely why a pilot study should measure plasma
ascorbate and treat biomarker change as part of the question.



9.5 BPD should not be reduced to a nutritional lever

If vitamin C were ever to show benefit, it would most plausibly operate as a small adjunctive
factor improving stress tolerance or treatment engagement—not as a standalone treatment. The

omega-3 literature (d=0.54) provides a ceiling estimate for nutritional supplementation in BPD.

These objections do not invalidate the hypothesis. They define the standard it must meet.

10. Why a Pilot Trial Is Still Reasonable

Despite these objections, a pilot trial remains scientifically reasonable for five pragmatic

reasons.

First, the mechanistic case is not a single weak chain but a convergence of three partially
independent pathways: DBH cofactor activity, BH4-related monoamine support, and NMDA-

related modulation.
Second, the intervention is low-cost, familiar, and operationally easy to study.

Third, BPD adjunct research is sparse. Omega-3 trials show that low-risk biological add-ons
can be studied meaningfully in this population, even though that precedent does not validate

vitamin C itself.

Fourth, DBT provides an ideal platform for an adjunctive trial because it is standardized and
evidence-based. The translational question is not whether vitamin C can replace psychotherapy,

but whether it can modestly improve outcomes when added to DBT.

Fifth, the study can be designed so that a negative result is still informative. If supplementation
raises plasma ascorbate without improving symptoms, that argues against the translational

significance of the proposed mechanisms at oral doses.

11. Hypothesis

We hypothesize that ascorbic acid, when added to standard DBT, may produce a small but
measurable improvement in overall BPD symptom severity in a subset of patients,
potentially through combined effects on DBH-dependent catecholamine synthesis, BH4-

supported monoamine pathways, and glutamatergic NMDA-related modulation.

A secondary hypothesis is that any signal, if present, may be stronger in participants with lower
baseline ascorbate status, smoking exposure, poorer diet quality, or greater stress-related

symptom burden.



This is a speculative, mechanism-led hypothesis. It is offered as a basis for empirical testing,

not as a conclusion.

12. Pilot Trial Proposal

12.1 Design
Table 1. Proposed pilot trial design.
Element Specification
Design Randomized, double-blind, placebo-controlled, parallel-group pilot trial at a

single German DBT center.

Population N=80 adults (18-55) meeting DSM-5 criteria for BPD and enrolled in
standard DBT. Exclusions: nephrolithiasis, G6PD deficiency,
hemochromatosis, severe hepatic/renal impairment.

Intervention Ascorbic acid 1,000 mg/day (500 mg BID) vs. matched placebo for 24
weeks, both as add-on to DBT.

Primary outcome Borderline Symptom List-23 (BSL-23; Bohus et al., 2009). Assessed at
baseline, weeks 4, 8, 12, 16, 20, 24, and 3-month follow-up.

Secondary outcomes Difficulties in Emotion Regulation Scale (DERS; Gratz & Roemer, 2004);
Barratt Impulsiveness Scale-11 (BIS-11; Patton et al., 1995); PHQ-9; GAD-
7; WHOQOL-BREF,; self-harm frequency; treatment retention.

Safety monitoring Columbia Suicide Severity Rating Scale (C-SSRS) at each visit; standard
DBT crisis procedures including 24/7 phone coaching; clear discontinuation
criteria.

Exploratory biomarkers Plasma ascorbate, HVA, MHPG at baseline, week 12, week 24.

Analysis Mixed-effects model for repeated measures (MMRM). Emphasis on

feasibility, effect-size estimation with 95% CI, and confidence intervals per
pilot methodology guidelines (Leon et al., 2011).

Ethics & registration Ethics committee approval; DRKS registration; Probandenversicherung;
extended informed consent with cooling-off period; GDPR/DSGVO
compliance.

12.2 Biomarker Strategy

Plasma ascorbate serves primarily as a compliance and exposure marker. HVA and MHPG are
exploratory rather than decisive: changes would not prove synaptic catecholamine
normalization, but they could indicate whether the clinical hypothesis moves in the expected
biological direction. If symptom change occurred without biomarker movement, the
mechanistic interpretation would need to shift toward stress-buffering or glutamatergic

pathways.



12.3 Feasibility, Cost, and Funding

Estimated total cost: €300,000-380,000, covering personnel, biomarker assays (~€48,000),
vitamin C and placebo manufacture, ethics and insurance, and data management. Several

German funding mechanisms are suitable for a trial at this scale:

DFG Clinical Trials Programme: accepts investigator-initiated applications year-round for
trials in this budget range.

VolkswagenStiftung “Experiment!”: specifically funds unconventional research ideas with
up to €120,000 for 18 months.

Deutsches Zentrum fiir Psychische Gesundheit (DZPG): established 2023 by the BMBF,
with a site at the Central Institute of Mental Health in Mannheim—where the BSL-23 was

developed—representing an ideal institutional partner.

The trial’s low substance cost and use of existing DBT infrastructure make it unusually cost-

effective relative to pharmaceutical RCTs.

13. Interpreting Positive and Negative Results

A positive pilot result would not show that vitamin C “treats BPD.” At most, it would justify a
larger, stratified trial with attention to baseline ascorbate status, smoking, diet, and symptom
subtypes (hyperarousal vs. impulsive dyscontrol vs. affective instability). The biomarker panel
would help test whether any clinical signal tracks with catecholamine-metabolite shifts or with

nutritional correction.

A negative result would be equally informative. If supplementation reliably raises plasma
ascorbate without changing symptoms, that argues against the translational relevance of the
proposed mechanisms at ordinary oral doses. If plasma ascorbate does not rise (indicating non-
compliance or malabsorption), the trial would be uninformative about the hypothesis but

informative about feasibility. Either outcome sharpens the field.

14. Conclusion

Ascorbic acid is a biologically credible but clinically unproven candidate adjunctive
intervention in BPD. The rationale rests on three converging mechanisms: a very strong
biochemical role as a DBH cofactor, a moderate-to-strong preclinical role in BH4-dependent
monoamine synthesis engaging both catecholamine and serotonin pathways, and a strong
preclinical but clinically unvalidated role in NMDA modulation. Against this stand serious
limitations: catecholamine dysfunction in BPD is not directly established; noradrenergic

findings are inconsistent and clonidine provides a genuine counter-signal; oral supplementation



may have limited impact on brain ascorbate in replete individuals; and the human psychiatric
intervention literature is mixed.

What justifies pursuing the idea is not certainty, but testability combined with an exceptionally
favorable cost-risk ratio and a clinical population with few validated adjunctive options. A
small, well-designed pilot could determine whether the hypothesis deserves to be abandoned or
pursued further.

This paper is an invitation to test an idea, not a claim that the idea is correct.
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