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ABSTRACT

Background: Neuropathic pain is a chronic, treatment-resistant condition affecting 7-8% of the general population, driven by
oxidative stress, neuroinflammation, ion channel dysregulation, and metabolic disturbances. Conventional pharmacotherapy offers
limited efficacy with significant adverse effects.

Objective: To evaluate the analgesic potential of four household medicinal plants — Curcuma longa (turmeric), Syzygium aromaticum
(clove), Cinnamomum verum (cinnamon), and Elettaria cardamomum (cardamom) — through comprehensive in vitro and in vivo
investigations. Methods: Soxhlet-extracted plant extracts were subjected to phytochemical screening, quantification of total phenolic
(TPC) and flavonoid (TFC) content, and 10 in vitro antioxidant/anti-inflammatory assays. In vivo analgesic activity was evaluated in
chronic constriction injury (CCl), tibial-sural transection (TST), and STZ-induced diabetic neuropathy models in Wistar albino rats.
Behavioral, biochemical, and histopathological assessments were performed.

Results: Syzygium aromaticum demonstrated the strongest in vitro antioxidant activity (DPPH ICso = 29.7 microg/mL). Cinnamomum
verum showed unique superiority in AGE inhibition (ICso = 118.6 microg/mL), relevant to diabetic neuropathy. In vivo, Curcuma longa
achieved approximately 80% relief in mechanical allodynia, closely approaching diclofenac (84%). All extracts showed >80% cell
viability at 100 microg/mL and therapeutic indices >12. Strong correlations (r >-0.92, p < 0.01) confirmed polyphenolic content as the
primary determinant of biological activity.

Conclusion: All four plant extracts demonstrated statistically significant analgesic activity (p < 0.05) with multi-target mechanisms and
favorable safety profiles for neuropathic pain management.
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Diabetic neuropathy.

INTRODUCTION

ain serves as a protective mechanism that prompts
withdrawal from harmful stimuli. When pain persists
beyond tissue healing or arises without identifiable
stimulus, it is classified as chronic pain. Neuropathic pain —
defined by the IASP (2011) as pain arising directly from a
lesion or disease affecting the somatosensory nervous
system — is a chronic, treatment-resistant condition
affecting approximately 7-8% of the general population,
with an incidence of 8 new cases per 1,000 person-years®2.

The pathophysiology involves multiple interconnected
mechanisms: peripheral nociceptor sensitization, ectopic
neuronal firing via upregulated sodium channels (Nav1.7,
Nav1.8, Nav1.9), central sensitization mediated by NMDA
receptor activation, neuro-immune interactions involving
pro-inflammatory cytokines (TNF-alpha, IL-1-beta, IL-6), and
chronic oxidative stress generating reactive oxygen species
(ROS) that induce lipid peroxidation in neuronal membranes
and enhance nociceptive signal transmission®“. In diabetic
neuropathy, chronic hyperglycemia further aggravates
nerve damage through advanced glycation end product
(AGE) formation, polyol pathway activation, and protein
kinase C (PKC)-mediated neuronal dysfunction®.

Despite the availability of pharmacological agents including
anticonvulsants (pregabalin, gabapentin), antidepressants

(duloxetine), and opioids (tramadol), neuropathic pain
management remains a major clinical challenge due to
limited therapeutic efficacy, significant adverse effects,
tolerance, and high costs — particularly in low- and middle-
income countries®’. This creates a critical need for safe,
cost-effective, and accessible alternatives.

Household medicinal plants offer a promising alternative,
containing  multiple  bioactive constituents acting
simultaneously on several targets — producing synergistic
effects that address the multi-mechanistic nature of
neuropathic pain. The present study evaluated four widely
available kitchen spices: Curcuma longa (turmeric),
Syzygium aromaticum (clove), Cinnamomum verum
(cinnamon), and Elettaria cardamomum (cardamom).

These were selected based on ethnopharmacological
precedent and distinct complementary mechanisms:
curcumin from turmeric provides NF-kB-mediated COX-2
suppression and neuroprotection; eugenol from clove
blocks voltage-gated sodium channels; cinnamaldehyde
from cinnamon inhibits aldose reductase and AGE
formation; and 1,8-cineole from cardamom modulates
spinal P2X2/P2X3 receptor expression®1,
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MATERIALS AND METHODS
Plant Material and Authentication

Curcuma longa rhizomes, Syzygium aromaticum flower
buds, Cinnamomum verum bark, and Elettaria
cardamomum seeds were procured from a certified
Ayurvedic raw drug supplier, Mumbai, Maharashtra, India.
All materials were shade-dried, coarsely powdered (mesh
no. 40), and botanically authenticated by the Agharkar
Research Institute, Pune (voucher specimens documented).
Materials were stored in airtight amber glass containers at
25+ 2°C.

Extraction

Soxhlet extraction was performed for 30 hours (plant
material:solvent ratio 1:5 w/v). Curcuma longa:
hydroalcoholic (70% ethanol); Syzygium aromaticum,
Cinnamomum verum, and Elettaria cardamomum:
methanol. Solvents were evaporated under reduced
pressure (rotary evaporator) and percentage vyield
calculated [% yield = (dry extract / plant material) x 100].

Phytochemical Screening and Quantification

Qualitative phytochemical screening was performed using
standard tests for carbohydrates (Molisch's, Benedict's),
glycosides (Legal's, Borntrager's), alkaloids (Dragendorff's,
Mavyer's), flavonoids (Shinoda test), tannins (FeCl3 test), and
steroids/terpenoids (Salkowski test). Total Phenolic Content
(TPC) was determined by the Folin-Ciocalteu method (gallic
acid standard, 725 nm; results in mg GAE/g extract). Total
Flavonoid Content (TFC) was determined by the aluminium
chloride colorimetric method (rutin standard, 510 nm;
results in mg RE/g extract) 1213,

In Vitro Antioxidant and Anti-inflammatory Assays

Assays performed in triplicate at concentrations 10-400
microg/mL: DPPH radical scavenging (ascorbic acid
standard, 517 nm); ABTS radical cation scavenging (734 nm);
superoxide anion scavenging via NBT reduction (xanthine-
xanthine oxidase system, 560 nm); hydroxyl radical and
H202 scavenging; FRAP (593 nm); total antioxidant capacity
(phosphomolybdenum, mg AAE/g); metal chelating activity;
lipid peroxidation inhibition using bovine brain homogenate
(TBA method, 532 nm; BHT standard); COX-2 enzyme
inhibition (diclofenac standard); NO inhibition in LPS-
stimulated RAW 264.7 macrophages (Griess reagent). AGE
inhibition assessed fluorimetrically (BSA-glucose model, ex
370 nm, em 440 nm; catechin standard, 7-day incubation at
37°C). Cytotoxicity (MTT assay) performed on L929 and
Neuro2a cell lines. IC50 values calculated by non-linear
regression’#16,

In Vivo Studies

Wistar albino rats (200-250 g, n=6/group) were used per
CPCSEA guidelines with IAEC approval. Three neuropathic
pain models: (1) Chronic Constriction Injury (CClI) — four
loose catgut ligatures placed around the sciatic nerve
proximal to trifurcation (Bennett and Xie, 1988)7; (2) Tibial
and Sural Transection (TST) — tibial and sural nerves ligated

and transected distally while preserving the common
peroneal nerve (Lee et al., 2000) %8; (3) STZ-induced diabetic
neuropathy — single i.v. injection of STZ (55 mg/kg), animals
with plasma glucose >250 mg/dL included after 2 weeks?®.
Plant extracts suspended in 0.5% NaCMC were administered
orally; pregabalin and diclofenac served as standard
reference drugs. Behavioral assessments: Eddy's hot plate
test (52.5°C, cut-off 15 s), pin-prick test, acetone drop
method (cold allodynia), von Frey test, and walking track
analysis (sciatic function index, SFI).

Sciatic nerve tissue biochemical parameters at day 21: total
protein (Biuret method), superoxide generation (NBT
reduction), MDA (TBARS assay, 532 nm), MPO activity, TNF-
alpha and IL-1-beta (sandwich ELISA, Wuhan Fine Biotech).
Histopathological examination (H&E staining) and nerve
conduction velocity (NCV, BIOPAC MP35) were also
performed. LC-MS profiling conducted at SAIF, IIT Bombay
(Q-TOF, positive ESI mode).

Statistical Analysis

All results expressed as mean + SD (in vitro) or mean + SEM
(in vivo). Statistical significance determined by one-way
ANOVA followed by Tukey's post-hoc test (p < 0.05).
Pearson correlation coefficients (r) calculated for TPC/TFC
versus ICso values. ICso values determined by non-linear
curve fitting.

RESULTS AND DISCUSSION
Phytochemical Screening and Extract Yield

All plant extracts tested positive for flavonoids, tannins,
phenolics, and terpenoids. Curcuma longa was richest in
curcuminoids and polyphenolics (hydroalcoholic and
methanolic extracts highest); Syzygium aromaticum in
eugenol, tannins, and phenolics; Cinnamomum verum in
terpenoids and glycosides; Elettaria cardamomum was
terpenoid-dominant (1,8-cineole, alpha-terpinyl acetate).
Aqueous extracts yielded the highest weight percentages,
but hydroalcoholic/methanolic extracts showed the richest
phytochemical profiles and were selected for all subsequent
assays.

Total Phenolic and Flavonoid Content

Table 1 summarizes TPC and TFC results. Curcuma longa
hydroalcoholic extract exhibited the highest TPC (140.2 +
3.82 mg GAE/g) and TFC (88.5 + 2.14 mg RE/g), followed by
Cinnamomum verum (TPC: 130.6 + 4.12 mg GAE/g),
Syzygium aromaticum (TPC: 122.7 + 3.22 mg GAE/g), and
Elettaria cardamomum (TPC: 95.3 + 2.86 mg GAE/g). This
trend reflects polyphenol-dominant (turmeric, cinnamon,
clove) versus terpenoid-dominant (cardamom)
phytochemistry.

In Vitro Antioxidant Activity

All  extracts exhibited significant dose-dependent
antioxidant activity across all assay systems. Syzygium
aromaticum ranked first in 8 of 10 assays (DPPH ICso = 29.7
microg/mL), attributed to eugenol's phenolic hydroxyl
group providing efficient hydrogen atom transfer and its
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allyl side chain enabling membrane penetration for lipid
peroxidation inhibition. Curcuma longa ranked second
(DPPH ICso = 38.1 microg/mL), reflecting curcumin's beta-
diketone and methoxyphenol moieties. Cinnamomum
verum uniquely ranked first in AGE inhibition (IC50 = 118.6
microg/mL) via procyanidin type-A polymer-mediated
trapping of reactive carbonyl intermediates (methylglyoxal,
glyoxal) that initiate protein glycation — of particular clinical
significance for diabetic neuropathy where AGE-mediated
myelin glycation drives progressive nerve damage. Elettaria

cardamomum showed moderate activity with the highest
safety margin (CC50 > 800 microg/mL). Strong negative
correlations (r > -0.92, p < 0.01) between TPC/TFC and ICso
values confirmed polyphenolic content as the primary
determinant of antioxidant activity, with strong positive
correlations (r > 0.95) between antioxidant and anti-
inflammatory ICso values confirming co-dependence of
oxidative stress and neuroinflammation in neuropathic
pain. Table 2 presents key ICso values.

Table 1: Total Phenolic Content (TPC) and Total Flavonoid Content (TFC).

Plant Extract Solvent

Curcuma longa Hydroalcoholic

Syzygium aromaticum Methanolic
Cinnamomum verum Methanolic
Elettaria cardamomum Methanolic

TPC (mg GAE/g) = TFC (mg RE/g)
140.2 £3.82 88.5+2.14
122.7 £3.22 74.2£2.08
130.6 +4.12 82.3+3.11
95.3+2.86 52.8+1.94

Values expressed as mean + SD (n=3). GAE = gallic acid equivalents; RE = rutin equivalents.

Table 2: ICso values (microg/mL) for key in vitro assays.

Plant Extract DPPH ICs ABTS ICso
Curcuma longa 38.1+1.2 443+1.8
S. aromaticum 29.7+0.9 36.2+14
Cinnamomum verum 524+2.1 58.6+2.3
E. cardamomum 78328 84.5+3.1

Standard drug 12.8 + 0.4 (Asc) 14.1 £ 0.5 (Asc)

COX-2 ICso NO Inhib. ICso AGE Inhib. ICso
46.8+2.1 345+1.6 142.8+4.2
38.2+1.7 286+1.3 136.4+3.8
54.1+2.4 483+2.0 118.6+3.5
82.6+3.0 724+27 198.2+5.6
22.4+0.8 (Diclo) = 18.6+0.7 (Indo)  88.4 +2.2 (Cat)

Mean * SD (n=3). Asc = ascorbic acid; Diclo = diclofenac; Indo = indomethacin; Cat = catechin. Lower IC50 = stronger activity.

In Vivo Behavioral Assessment

All four plant extracts produced statistically significant (p <
0.05), dose-dependent analgesic effects across all three
neuropathic pain models (Table 3). In the CCl model hot
plate test, Curcuma longa demonstrated the greatest
increase in paw withdrawal latency (10.4 + 0.6 s at day 21
vs. 5.2 £ 0.4 s in CCl control), approaching pregabalin (11.8
+ 0.7 s). In the von Frey test, turmeric achieved
approximately 80% improvement in mechanical allodynia
thresholds — the closest approach to diclofenac efficacy
(84%) observed among the plant extracts.

Syzygium aromaticum showed faster onset of analgesic
action consistent with eugenol's rapid voltage-gated Na+
channel blockade, though duration was shorter compared
to turmeric and cinnamon. In the STZ-induced diabetic
neuropathy model, Cinnamomum verum's insulin-
sensitizing (procyanidin-mediated) and AGE-inhibitory
(cinnamaldehyde-mediated) effects produced the most
marked improvements in hyperalgesia scores among the
four plants. Walking track analysis (SFI) improved
significantly in all extract-treated groups vs. untreated
controls. No overt toxicity or behavioral distress was
observed in any extract-treated animal.

Table 3: Behavioral outcomes (CCI model).

Treatment Group Hot Plate Latency Day 21 (s)

Sham control 12.4+0.8
CClI control 52+04

Pregabalin (Standard) 11.8+0.7
Curcuma longa ext. 10.4 +0.6*
S. aromaticum ext. 9.8 £0.5*
Cinnamomum verum ext. 9.2+0.6*
E. cardamomum ext. 8.4+0.7*

Von Frey Threshold Day 21 (g) SFl Improvement (%)

326+14 0+0
8.2+0.6 -82+3.1
30.2+1.2 -18+1.8
28.6+1.1* -24 £2.2%
26.4 +1.0* -28 £2.4*
25.8+1.2* -30 £ 2.6*
224 +1.3* -36 £2.8*

Values: mean + SEM (n=6). *p < 0.05 vs. CCI control (one-way ANOVA, Tukey's post-hoc).
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Biochemical and Histopathological Findings

Sciatic nerve tissue from CCl animals showed markedly
elevated MDA, MPO activity, TNF-alpha, and IL-1-beta
compared to sham controls (Table 4). All plant extracts
significantly reduced these neuroinflammatory and
oxidative markers (p < 0.05). Curcuma longa and Syzygium
aromaticum produced the greatest reductions in TNF-alpha
and IL-1-beta, consistent with curcumin's NF-kB inhibition

and eugenol's COX-2/iNOS suppression mechanisms.
Histopathological examination of treated groups
demonstrated better preservation of myelin sheath
integrity, reduced inflammatory cell infiltration, and less
axonal degeneration vs. untreated CCl controls. In the STZ-
diabetic neuropathy model, Cinnamomum verum-treated
animals showed the greatest improvement in nerve
conduction velocity (NCV), consistent with AGE inhibition
reducing glycation-mediated demyelination.

Table 4: Biochemical parameters in sciatic nerve tissue (Day 21).

Group MDA (mM/mg protein)
Sham control 0.82+£0.04
CClI control 2.64+0.12
Pregabalin (Std) 1.12 £ 0.06*
Curcuma longa ext. 1.24 £ 0.07*
S. aromaticum ext. 1.36 £ 0.08*
Cinnamomum verum ext. 1.48 £ 0.09*

MPO (units/mg/min)

TNF-alpha (pg/mL) IL-1-beta (pg/mL)

0.18+0.01 48.2+3.1 324+22
0.68 +0.04 182.4+8.6 1486 £6.4
0.28 £ 0.02* 72.8 £4.2* 58.2 £3.4*
0.32 £ 0.02* 86.4 +4.8* 68.4 +3.8*
0.36 £ 0.02* 94.2 £5.1* 76.2 £4.1*
0.38 £ 0.02* 102.6 +5.4* 82.8 +4.4*

Values: mean = SEM (n=6). *p < 0.05 vs. CCI control. MDA = malondialdehyde; MPO = myeloperoxidase.

LC-MS Analysis

LC-MS profiling confirmed key bioactive compounds:
curcumin ([M+H]+ m/z 369.1) and demethoxycurcumin in
Curcuma longa; eugenol ([M+H]+ m/z 165.1) and beta-
caryophyllene in Syzygium aromaticum; cinnamaldehyde
(IM+H]+ m/z 133.1) and procyanidin dimers in
Cinnamomum verum; 1,8-cineole ([M+H]+ m/z 155.1) and
alpha-terpinyl acetate in Elettaria cardamomum. These
confirmations validate the phytochemical basis of all
observed pharmacological activities.

CONCLUSION

This study systematically evaluated the analgesic potential
of four household medicinal plants in neuropathic pain
through comprehensive in vitro (10 assay systems) and in
vivo (3 animal models) investigation. All four plant extracts
demonstrated statistically significant analgesic activity (p <
0.05) with dose-response relationships and favorable safety
profiles (therapeutic index >12, cell viability >80% at 100
microg/mL).

Curcuma longa achieved the strongest in vivo analgesic
performance (~“80% mechanical allodynia relief,
approaching diclofenac at 84%). Syzygium aromaticum
demonstrated the strongest in vitro antioxidant and anti-
inflammatory activity. Cinnamomum verum uniquely
excelled in AGE inhibition with particular relevance to
diabetic neuropathy. Elettaria cardamomum provided the
highest safety margin and synergistic bioavailability-
enhancing properties. The four plants collectively address
neuropathic pain through complementary multi-target
mechanisms: ROS scavenging, NF-kB/COX-2/cytokine
inhibition, Na+/TRPV1 channel modulation, AGE inhibition,
insulin  sensitization, and CB2/5-HT1A  nociceptor
modulation.

These findings validate traditional ethnopharmacological
knowledge and support the therapeutic exploration of these
accessible, cost-effective plants as safe alternatives or

adjuncts to conventional pharmacotherapy for neuropathic
pain — particularly in resource-limited settings. Future work
should focus on clinical trials, bioassay-guided active
constituent isolation, standardized formulations, and novel
drug delivery systems to overcome bioavailability
limitations.
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