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ABSTRACT

Centella asiatica (Linn.) Urban, commonly known as Gotu Kola, is an important medicinal herb with diverse
pharmacological properties, including neuroprotective, anti-inflammatory, wound-healing, and antioxidant
effects. These therapeutic activities are primarily attributed to its secondary metabolites, such as triterpenoid
saponins, flavonoids, phenolics, and alkaloids. Enhancing the yield and diversity of these compounds is a
major focus of plant biotechnology. Polyploidy induction, particularly through colchicine treatment, has
emerged as an effective approach to improve both the qualitative and quantitative production of bioactive
metabolites. In the present study, colchicine was applied at optimized concentrations and durations to
induce autotetraploidy in actively growing shoot tips of C. asiatica. Phytochemical screening of control
(diploid) and colchicine-treated (colchiploid) plants was conducted using standard biochemical assays.
Results revealed that colchiploid plants exhibited an enhanced accumulation of phenolics, triterpenoid
saponins, alkaloids, and flavonoids compared to diploid controls. Notably, phenolic compounds and
triterpenoid saponins, which contribute significantly to the plant’s pharmacological efficacy, were markedly
elevated. These findings suggest that colchicine-induced polyploidy positively influences secondary
metabolite biosynthesis in C. asiatica. The study highlights the potential of polyploidy as a biotechnological
tool for improving metabolite profiles in medicinal plants. Such strategies could facilitate sustainable
production of pharmaceutically important compounds, reduce dependence on natural populations, and
support the commercial cultivation of improved chemotypes of C. asiatica.
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tribute to wound-healing, memory-enhancing, anti-
inflammatory, antioxidant, antimicrobial, and
neuroprotective properties (Tuwar and Arangale,
2023).

Introduction

Centella asiatica (L.) Urban, commonly known as
Gotu Kola or Mandukaparni, is a perennial medici-

nal herb traditionally used in Ayurveda, Unani, and
Chinese medicine. Its pharmacological importance
derives from diverse bioactive compounds, includ-
ing triterpenoid saponins (asiaticoside,
madecassoside), flavonoids, tannins, alkaloids, and
phenolics (Ohnmar Ye Win et al., 2024), which con-

Phytochemical screening serves as a critical first
step in assessing medicinal plants, identifying major
classes of metabolites and guiding subsequent phar-
macological and biotechnological studies. In C.
asiatica, such analyses are particularly relevant when
plants are subjected to colchicine-induced polyp-
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loidy, which may alter metabolite concentrations
and diversity.

The present study employs standardised method-
ologies (British Pharmacopoeia, 1968; Trease and
Evans, 1978; CCRUM, 1987) to systematically exam-
ine the phytochemical profile of C. asiatica leaves.
Qualitative assays were conducted for alkaloids,
amino acids, carbohydrates, flavonoids, glycosides
(including cyanogenic glycosides), phenolic com-
pounds, reducing sugars, saponins, steroids, terpe-
noids, and tannins, providing a comprehensive me-
tabolite characterization (Singh et al., 2010).

Recent advances highlight the continuing rel-
evance of such approaches. Kandasamy et al. (2023)
reported consistent detection of tannins, flavonoids,
saponins, steroids, and terpenoids across different
culture forms, while Ramasamy et al. (2025) demon-
strated that phytochemical content correlates di-
rectly with in vivo antioxidant, anti-inflammatory,
and anticancer activities. High-performance chro-
matographic and spectroscopic studies further iden-
tified specific phenolics-such as catechin, quercetin,
p-coumaric acid, and hesperidin (Marzieh
Taghizadeh and Shabnam Jalili, 2023) illustrating
the refinement possible with advanced techniques
like HPLC, LC-MS, FT-IR, and GC-MS.

Classical phytochemical methods remain indis-
pensable for preliminary screening, particularly in
resource-limited settings, while modern technolo-
gies allow precise quantitative profiling and identi-
fication of minor metabolites (Maheshwaran ef al.,
2024). A recent review (Ali, Kumar and Khan, 2025)
emphasized pentacyclic triterpenoids as the major
contributors to the pharmacological profile of C.
asiatica, underscoring their therapeutic relevance
(Arumugam et al., 2011)

Collectively, the literature supports an integrative
approach that combines traditional qualitative tests
with modern analytical techniques. This strategy
validates long-recognised metabolite classes while
uncovering novel constituents influenced by plant
organ, culture conditions, and geographic origin,
thereby strengthening the evidence base for C.
asiatica as a medicinally significant species.

Materials and Methods

Plant Material

The experimental species used in the present study
was Centella asiatica (L.) Urban (family Apiaceae,
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formerly Umbelliferae), a well-known medicinal
herb. Healthy and disease-free mother plants were
collected from the Dhanwantari Udyan (Medicinal
Garden), Mahatma Phule Krishi Vidyapeeth
(MPKYV), Rahuri, District Ahilyanagar, Maharashtra,
India.

Experimental Site and Duration

The study was conducted between 2022 and 2025
under both controlled field and greenhouse condi-
tions. Experimental trials were carried out at the
Department of Botany, Arts, Commerce, and Science
College, Sonai, Taluka Newasa, District
Ahilyanagar, Maharashtra, India.

Experimental Field Layout and Cultivation

Vegetative cuttings of C. asiatica were randomly col-
lected from a single natural population at MPKYV,
Rahuri. Uniform cuttings were initially transplanted
onto five raised seedbeds (4 x 8 m each) prepared
with a homogenised mixture of loamy soil, black
cotton soil, and vermicompost. Beds were main-
tained under greenhouse conditions at 29 = 1 °C,
50% relative humidity, and partial shade. Irrigation
was provided daily using a sprinkler system. After
a three-month acclimatisation period, multiplied
plantlets were transplanted into experimental plots
within the greenhouse facility.

For cultivation, black cotton soil amended with
decomposed cow dung and leaf compost was used.
Minimal chemical fertiliser (urea) was applied inter-
mittently to promote vegetative growth. The land
was tilled to ~20 cm depth to ensure a friable seed-
bed. Plantlets were transplanted at a spacing of 30 x
25 cm (row-to-row and plant-to-plant). Irrigation
was provided twice daily during the first week, fol-
lowed by twice-weekly watering.

Experimental Design and Treatment Protocol

Six-month-old C. asiatica plants grown under green-
house conditions were used as source material. Ten
actively growing running shoots were washed thor-
oughly with distilled water before treatment. Shoot
tips were exposed to colchicine solutions of varying
concentrations (0.1-1.0% w/v) for durations ranging
from 1 to 8 hours. Two treatment methods were
employed following Dalve (2007) and Jondhale
(2013):
1. Direct immersion — Shoot tips were immersed
directly in colchicine solutions for the specified
durations.
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2. Artificial injury with treatment — Shoot tips
were superficially injured to facilitate colchicine
penetration, followed by exposure to the test
solutions.

Each treatment was replicated across all concen-
trations and time intervals. After treatment, shoot
tips were rinsed thoroughly with distilled water to
remove residual colchicine.

Post-Treatment Handling and Cultivation

Following treatment, new roots emerging from the
nodal region near the running bud were used to es-
tablish treated plants. Buds with rooted nodes were
excised and transplanted into experimental plots
under greenhouse conditions. Untreated nodal buds
from the same mother plants served as controls.

All treated and control plants were cultivated
under identical environmental conditions, including
soil composition, irrigation, and nutrient supple-
mentation. Each plant was clearly labelled with
treatment details to enable accurate comparisons.
This ensured that observed morphological or bio-
chemical differences could be attributed specifically
to colchicine treatments.

Preparation of Powdered Samples

Freshly collected plant material was thoroughly
washed with tap water, followed by distilled water
to remove adhering dust and debris. The cleaned
samples were air-dried at room temperature (25-28
°C) for approximately 2-3 weeks until a constant
weight was achieved. The dried material was then
pulverised into a fine powder using a mechanical
grinding machine. The powdered samples were
stored in clean, dry, air-tight containers under room
temperature conditions until further experimental
use.

Phytochemical Screening

Preliminary Phytochemical Examination of Centella
asiatica (L.) Urban

Phytochemical screening of the leaf extracts of
Centella asiatica was conducted following standard
procedures outlined in the British Pharmacopoeia
(1968), Trease and Evans (1978), and Ohnmar Ye
Win et al. (2024).
Alkaloids: Extracts were acidified with dilute HCI
and subjected to Dragendorff’s, Mayer’s, and
Wagner’s tests. Formation of orange-red, white/
pale-yellow, or yellow-brown precipitates con-
firmed the presence of alkaloids (Central Council of
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Research in Unani Medicine, 1987).

o-Amino Acids: Treatment of extracts with ninhy-
drin reagent yielded a violet colouration
(Ruhemann’s purple), indicating o-amino acids
(Marini Bettolo et al., 1981).

Carbohydrates: In Molisch’s test, the formation of a
red-violet ring at the interface confirmed carbohy-
drates, resulting from the condensation of furfural
derivatives with a-naphthol (Central Council of Re-
search in Unani Medicine, 1987).

Flavonoids: The Shinoda test produced a pink to
reddish-brown colouration upon addition of magne-
sium/zinc and dilute HCI, confirming flavonoids
(Central Council of Research in Unani Medicine,
1987).

Glycosides: Treatment of extracts with NaOH solu-
tion resulted in a yellow colour, indicating glyco-
sides (Central Council of Research in Unani Medi-
cine, 1987).

Cyanogenic Glycosides: Powdered leaves incu-
bated with water and H SO turned sodium picrate
paper pink, confirming cyanogenic glycosides.
Phenolic Compounds: Addition of FeCl solution
resulted in green/blue colouration, confirming phe-
nolics (Central Council of Research in Unani Medi-
cine, 1987).

Reducing Sugars: Heating extracts with Benedict’s
reagent produced a green to red precipitate, con-
firming reducing sugars (Vogel, 1956).

Saponins: Persistent frothing upon vigorous shak-
ing in water confirmed saponins (Marini Bettolo et
al., 1981).

Steroids and Terpenoids: Liebermann—-Burchard
test produced blue/green colouration for steroids
and red/greenish-blue colouration for terpenoids
(Central Council of Research in Unani Medicine,
1987).

Tannins: Reaction with FeCl, solution yielded a yel-
low-brown precipitate or blue-green colouration,
confirming tannins (Central Council of Research in
Unani Medicine, 1987).

Acidic/Basic/Neutral Compounds: Extracts boiled
in water and tested with bromocresol green showed
yellow (acidic), blue (basic), or no change (neutral).
Estimation of Primary Metabolites

Estimation of Crude Fat (Soxhlet Method)
Sample preparation

About 0.5 g of the powdered sample was accurately
weighed and placed in a Soxhlet thimble.
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Extraction: The initial weight of the clean, dry
round-bottom flask (W) was recorded. The thimble
was inserted into a Soxhlet apparatus, and hexane
(boiling point: 69 °C) was used as the extraction sol-
vent. Extraction was continued for 4 hours. After
completion, the thimble was removed, and the sol-
vent was evaporated from the round-bottom flask
on a water bath at 100 °C. The residue was further
dried in a hot air oven at 100 °C for 30 minutes.

Weighing and calculation

Crude Fat (%) = W2WL 100
Ws
Where,
° (W_s) = weight of sample (g)
o (W_1) = weight of empty flask (g)
o (W_2) = weight of flask with extract (g)

Estimation of Protein Content (Kjeldahl Method)
Digestion

Approximately 0.5 g of the sample was introduced
into a Kjeldahl digestion flask. To this, 20 ml concen-
trated HSO and 2 g of digestion mixture (KSO:
CuSO in a 1:1 ratio) were added. The contents were
digested on a heater until the solution became clear
green (= 3 hours). The digest was cooled and trans-
ferred to a 100 ml volumetric flask, and the volume
was made up with distilled water.

Distillation

An aliquot of 10 ml of the digest was transferred to
the distillation unit. To this, 50 ml of 40% NaOH and
50 ml of distilled water were gradually added. Dis-
tillation was continued for 45 minutes. The liberated
NH was trapped in 30 ml of 4% boric acid contain-
ing a mixed indicator (modified methyl red and bro-
mocresol green, 1:1). The appearance of a yellow
colour indicated the presence of NHOH.

Titration

The distillate was titrated against 0.1 N HCl until a
pink endpoint was observed. The volume of acid
consumed was recorded as Vs. A blank determina-
tion was also performed.

Calculation
% N Vs—Vh x FxCx M (N) =100
o m 1000
Where,

Vs — Volume of titrant used for the sample

517

Vb — Volume of titrant used for blank
F — Molar reaction factor of titrant (HCL- 1)
C - Concentration of titrant (mol/L) = 0.1 mol/L
M — Molecular wt of nitrogen = 14.007 g/mol
m — Sample weight
1000 — Conversion factor (ml into L)
% N - % weight of N
PF - Protein Factor (6.25)
F2 - Dilution Factor (1)
% P = %N x PF xDF

Estimation of Total Carbohydrate Content
(Anthrone Method)

Sample preparation

About 200 mg of the sample was homogenised in
80% ethanol and centrifuged at 3000 rpm for 10 min-
utes. The supernatant was discarded, and the wash-
ing was repeated twice to remove soluble non-car-
bohydrate compounds. The residue was air-dried or
gently dried in a water bath.

Extraction

The dried pellet was resuspended in 5 ml of distilled
water and heated in a boiling water bath for 30 min-
utes to extract carbohydrates. The mixture was
cooled, centrifuged, and the supernatant was col-
lected.

Estimation

A freshly prepared 0.2% Anthrone reagent in con-
centrated HSO was used. One millilitre of extract
was mixed with 4 ml of Anthrone reagent, heated in
a boiling water bath for 10 minutes, and rapidly
cooled in an ice bath. Absorbance was measured at
620 nm using a spectrophotometer.

Standard curve and calculation: A standard curve
was prepared using glucose solutions (6.25-100 ug/
ml). Carbohydrate concentration in the samples was
calculated by interpolation from the standard curve
and expressed as milligrams per gram of sample.

Experimental Results

Preliminary Phytochemical Screening of Centella
asiatica (L.) Urban Leaves

Phytochemical analysis of the different leaf extracts
of Centella asiatica (L.) Urban revealed the presence
of alkaloids, glycosides, reducing sugars, saponins,
carbohydrates, phenolic compounds, tannins, ste-
roids, terpenoids, a-amino acids, flavonoids, and
basic compounds.
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No. Chemical constituent Observation Results
Control Colchiploid
1. Alkaloid White ppt. + +
1. Yellow ppt. + +
1. Orange ppt. + +
2. o-amino acid Pink Colour + +
3. Carbohydrate Pink ring + +
4. Flavonoid Pink Colour + +
5. Glycoside White ppt. + +
6. Cyanogenic glycoside No Change in Colour - -
7. Phenolic compound Deep brown + +
8. Reducing sugar Reddish ppt. + +
9. Saponin Frothing + +
10. Steroid Green Colour + +
11. Terpenoid Reddish brown + +
12. Tannin White ppt. + +
13. Acid, Base, Neutral Compound Blue Colour Base colour Base colour

Total Fat Percentage in Diploid and Colchicine-
Induced Polyploid Centella asiatica (Linn.) Urban

The fat content of Centella asiatica was analysed in
diploid (2n) and Colchiploid (4n) plants using three
replicates per group. Diploids showed stable values
(3.902-4.101%; mean 3.969 + 0.114%), whereas
Colchiploids exhibited higher but more variable lev-
els (3.900-5.459%; mean 4.420 + 0.899%). These find-
ings indicate that chromosome doubling slightly
enhanced fat accumulation, though variability
among Colchiploids suggests differential metabolic
responses to colchicine treatment.

Total Protein Content in Diploid and Colchiploid
Centella asiatica (Linn.) Urban

Protein content in Centella asiatica was quantified in
diploid (T0) and Colchiploid (T2) plants using three
replicates per group. Diploids showed stable values
(5.032-5.721%; mean 5.376 + 0.344%), while
Colchiploids exhibited a marked increase (6.859-
7.887%; mean 7.260 + 0.550%). These results indicate
that chromosome doubling via colchicine signifi-
cantly enhanced protein levels, though with slightly
greater variability in treated plants.

Observation of Total Fat Content (%) of Control and Colchiploid Plants of Centella asiatica (Linn.) Urban

Sr Sample Replicate Sample Dry Extracted Fat Mean SD
No. Weight (g) Fat (g) Content (%)
1. Control (2n) R1 0.512 0.021 4.101 3.969 0.114
R2 0.513 0.02 3.902
R3 0.512 0.02 3.903
2. Treated (4n) R4 0.513 0.02 3.901 4.420 0.899
R5 0.513 0.02 3.900
R6 0.513 0.028 5.459
Observation of Total Protein Content of Control and Colchiploid Plants of Centella asiatica (Linn.) Urban
Sr. No. Sample Replicate sample weight Vs vb %N %Protein Mean SD
1. Control (2n) R1 0.5101 7.6 4.30 0.915 5.721 5.376 0.344
R2 0.5102 7.4 4.30 0.860 5.376
R3 0.5103 7.2 4.30 0.805 5.032
2. Treated (4n) R4 0.5104 8.2 4.10 1.125 7.032 7.260 0.550
R5 0.5105 8.1 4.10 1.098 6.859
R6 0.5106 8.8 4.20 1.262 7.887
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Carbohydrate Content in Diploid and Colchiploid
Plants of Centella asiatica

Carbohydrate content in Centella asiatica was esti-
mated in diploid (T0) and Colchiploid (T2) plants
using spectrophotometric analysis with three repli-
cates per group. Diploids showed consistent values
(25.840-25.858 g /100 g; mean 25.85 + 0.009), while
Colchiploids exhibited slightly higher levels (27.021-
27.109 g/100 g; mean 27.06 + 0.044). The clear in-
crease in Colchiploids indicates that colchicine-in-
duced chromosome doubling enhanced carbohy-
drate accumulation, with the low variation across
replicates reflecting a stable effect on carbohydrate
metabolism.

¥=0.0562x + 0,088
Re=0962 74

g .
4

Concentration (mg/mi)

Observation of Estimation of Carbohydrate for the stan-
dard

Sr. No Concentration (mg/ml) Absorbance
1 0.625 0.128
2 1.25 0.129
3 2.5 0.226
4 5 0.415
5 10 0.631

Comparative Analysis of Total Fat, Protein, and
Carbohydrate Content

Quantitative analysis of Centella asiatica revealed
that diploid plants (T0) contained 3.969 + 0.114 g/
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100 g fat, 25.85 + 0.009 g/100 g carbohydrates, and
5.376 + 0.344 g /100 g protein. In Colchiploid plants,
all components increased, with fat at 4.420 + 0.899
g/100 g, carbohydrates at 27.06 + 0.044 g/100 g, and
protein rising to 7.260 + 0.550 g /100 g. These results
demonstrate that colchicine-induced Colchiploid
enhances the nutritional profile of C. asiatica, with
protein showing the most pronounced increase.

Discussion

The present study examined the phytochemical pro-
file of colchicine-induced Colchiploid plants of
Centella asiatica in comparison with their diploid
counterparts. The results demonstrated qualitative
and quantitative differences in the presence and lev-
els of primary and secondary metabolites. Notably,
an increase was observed in major biochemical con-
stituents such as total fat, protein, and carbohydrate
content in Colchiploid plants, with protein showing
the most pronounced enhancement. This suggests
that chromosome doubling induced by colchicine
exerts a positive effect on metabolic activity, possi-
bly by increasing gene dosage and enzymatic effi-
ciency (Bhavna and Jyoti, 2011).

Previous reports (Kandasamy et al., 2023;
Ramasamy et al., 2025) also indicate that polyploidy
can enhance the biosynthesis of bioactive com-
pounds, thereby improving the pharmacological
potential of medicinal plants. The enhanced accu-
mulation of metabolites in Colchiploids of C. asiatica
aligns with such findings and highlights the role of
polyploidy as a biotechnological tool for metabolic
improvement. However, the variability noted in cer-
tain metabolites, particularly fat content, may reflect
differential responses of explants to colchicine treat-
ment, a phenomenon frequently reported in polyp-
loid induction studies (Arangale and Tuwar, 2025).

In addition to biochemical enrichment, the phy-
tochemical screening confirmed the presence of key

Final calculation of the Estimation of carbohydrate of Control and Colchiploid Plants of Centella asiatica (Linn.) Urban

Sr. Sample Replicate Absorbance Concentration Concentration
No. code (mg/ml) (g/100g) Mean SD
1. Control (2n) R1 0.939 15.200 25.840 25.85 0.009
R2 0.940 15.207 25.852
R3 0.940 15.211 25.858
2. Treated (4n) R1 0.978 15.895 27.021 27.06 0.044
R2 0.979 15.914 27.054
R3 0.981 15.946 27.109
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Observation of Proximate Analysis of Control and Colchiploid Plants of Centella asiatica (Linn.) Urban

Sr. No. Sample Test ObservationMean + SD

1 Control (2n) Total Fat Content (g/100g) 3.969 + 0.114
Estimation of Carbohydrates (g/100g) 25.85 + 0.009
Protein (g/100g) 5.376 £ 0.344

2 Treated (4n) Total Fat Content (g/100g) 4.420 = 0.899
Estimation of Carbohydrates (g/100g) 27.06 + 0.044
Protein (g/100g) 7.260 + 0.550

secondary metabolites such as flavonoids, saponins,
tannins, steroids, and terpenoids, which are phar-
macologically linked to the plant’s therapeutic ef-
fects. Enhanced levels of these metabolites in
Colchiploid plants may potentially amplify pharma-
cological  attributes  like  antioxidant,
neuroprotective, and wound-healing activities. The
consistency of these findings with recent phy-
tochemical and pharmacological studies (Ohnmar
Ye Win et al., 2024; Ali, Kumar and Khan, 2025) fur-
ther validates colchicine-induced polyploidy as a
promising approach in medicinal plant research.

Nonetheless, it is important to note that polyp-
loidy can also lead to metabolic imbalances,
somaclonal variation, or growth irregularities.
Therefore, further work involving advanced chro-
matographic and spectroscopic analyses (HPLC,
LC-MS, GC-MS, FT-IR) is recommended to quantify
specific phytoconstituents and link them directly
with pharmacological outcomes. Long-term field
evaluations would also be valuable to assess the sta-
bility of induced traits across successive generations
(Jondhale and Chavan, 2020).

Conclusion

This study demonstrates that colchicine-induced
Colchiploidy in Centella asiatica leads to enhanced
accumulation of major nutritional and secondary
metabolites, particularly proteins and triterpenoid-
rich phytochemicals. The findings underscore the
potential of polyploidization as a biotechnological
strategy for improving the biochemical and medici-
nal profile of C. asiatica. By integrating classical phy-
tochemical screening with polyploid induction, the
present work provides a baseline for future pharma-
cological, biochemical, and molecular investigations.
Overall, Colchiploid plants of C. asiatica represent a
promising resource for developing improved herbal
formulations and nutraceutical applications.
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