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Abstract  

The endangered medicinal plant Delphinium denudatum Wall. is widely rec-
ognized by the medical community for its potential in treating neurological 

disorders. Despite its known health benefits, it has not been thoroughly 
investigated. Further research is required using scientifically recognized 
analytical techniques to fully explore its therapeutic potential.  

 The use of traditional methods for extracting botanicals raises con-

cerns about both environmental damage and potential health risks due to 
the extensive use of organic solvents. In response to these issues, this re-
search utilizes environmentally-conscious and eco-friendly methods for 

botanical extraction. Recently, supercritical fluid extraction (SFE) has 
emerged as a preferred technique for extracting plant material due to its 
high efficiency and yield. Carbon dioxide (CO2) is the solvent of choice in SFE 

because of its effective diffusion into plant material at low temperatures, as 
well as its environmentally friendly properties.  

 In this study, the optimal conditions for SFE were determined to be a 
pressure of 200 bar, a temperature of 80 °C and a CO2 flow rate of 15 g. min-1 

to achieve to achieve maximum yield of Delphinium root extract (DRE). The 
result demonstrated that SFE produced an optimal extract yield with three 
productivity levels: level-I (0.8 % w/w), level-II (1.2 % w/w) and level-III 

(0.95 % w/w). Furthermore, a botanical examination verified the integrity of 
cell structures, while physicochemical evaluations help establish quality 
standards for the extract.  

 Phytometabolites mapping of the SFE- derived DRE was performed 

using HPTLC under various conditions, including daylight, post-
derivatization and at 254 nm and 366 nm. Additionally, community reports 
validated the effectiveness of DDR against harmful microorganisms, with 

zones of inhibition observed against Staphylococcus aureus (ZI: 5.21 ± 0.29); 
Pseudomonas aeruginosa (ZI: 7.48 ± 0.53); Aspergillus niger (ZI: 8.15 ± 0.9) at 
concentrations of 100 µg mL-1 and 500 µg mL-1 of the DRE respectively.  

 In conclusion, this research strongly supports the use of D. denuda-

tum extracts obtained via SFE as a potential treatment for various patho-
genic disease. To the best of our knowledge, there is no previous scientific 
evidence documenting the successful extraction of D. denudatum using SFE. 

Additionally, the protective properties of SFE-derived DRE against patho-
genic microorganisms had not been previously explored. Thus, the present 
study identifies D. denudatum as a promising candidate for the develop-

ment of drugs to combat pathogenic infections.   
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Introduction  

Botanicals have a broad therapeutic appeal and fulfil 

many of the world’s health need. However, ensuring the 
quality of botanicals and their products require significant 
attention. Variability in the quality and quantity of phyto-

active constituents is a persistent challenge due to the 
diverse flora and fauna of plants (1). As a result, the quality 
of crude herbal drugs is often compromised, raising con-

cerns about the standardization of herbal products (2). 
Among valuable folk medicines, Delphinium denudatum 
(Ranunculaceae) is a scientifically underexplored medici-

nal plant (3). It grows in the Himalaya region, where only a 
few populations (fewer than 7) are found and necessitat-
ing immediate efforts to protect this species. A thorough 

review of the literature confirms that D. denudatum root is 
used in the treatment of neuropsychiatric disorder, 
nephropathy and leishmaniasis (4). The available litera-

ture, also highlights the lack of clear information for iden-
tifying similar medicinal plants, as D. denudatum has been 
assigned various vernacular names. Another issue is the 

use of different plant species that resemble each other or 
have similar-sounding names, leading to confusion be-
tween look-alike and sound-alike drugs (5). 

 Although D. denudatum is an underexplored medici-

nal plant, initial efforts have been made towards its identi-
fication (6). In this study, we aimed to address authentica-
tion challenges of D. denudatum using advanced methods, 

specifically supercritical fluid extraction (SFE). In the con-
text of quality control for natural-origin drugs, various an-
alytical techniques are commonly used by the scientific 

community, including SFE, HPTLC, HPLC and GC-MS (7, 8). 
While traditional extraction methods such as cold extrac-
tion, percolation, Soxhlet extraction and pressurized sol-

vent extraction have contributed to the development of 
natural product research, these techniques often face 
quality-related challenges (9). These challenges include 

high operational temperatures, the use of costly and envi-
ronmentally hazardous organic solvents, solvent disposal 
issues, poor compatibility with extractive materials and 

the low yield of volatile phytoconstituents. Such limita-
tions underscore the need for an eco-friendly extraction 
technique for botanicals (10). In this context, SFE stands 

out as the most reliable method. Supercritical fluids, be-
yond their critical temperature, exhibits dual advantages, 
behaving like both liquids and gases (11).  SFE offers fast 

recovery, uses an inexpensive, non-combustible solvent 
(CO2) and has an easy recycling process, making it a valua-
ble tool for extraction (12). In other studies, water at high 
temperature (373 °C) has been used for extracting Huadian 
oil (13), but such high temperature is not suitable for ex-
tracting heat-sensitive phytoactive constituents from 

plants (14). In contrast, CO2 is an ideal solvent, especially 
in the extraction of dietary food products and bioactive 
natural drug candidates, due to its mild supercritical na-

ture (15). Currently, modern extraction techniques like SFE 
are gaining attention as effective strategies for extracting 

novel natural compounds from medicinal herbs, as the 
methods is closely linked to the bioactivity of bioactive 
compounds. 

 An intensive literature review confirmed the poten-
tial of SFE for extracting phytoconstituents from natural 
drugs. In lieu of this, the current study primarily focused 
on extracting DDR using SFE. Various polyphenolic plant 

constituents have been analysed using green supercritical 
fluid extraction technique, as documented in earlier stud-
ies (16). For example, Supercritical fluid extraction has 

been used to extract essential medicinal oil from Psidium 
guajava L. leaves and non-volatile constituents were also 
obtained using green (CO2) supercritical extraction (17). 

Another study assessed the antimicrobial activity of ex-
tracts from 6 medicinal plants (Cichorium intybus, Cin-
namomum camphora, Commiphora myrrha, Foeniculum 

vulgare, Nerium oleander and Spartium junceum) obtained 
via SFE (18).   

 The present study aimed to analyse the active phy-
toconstituent's of D. denudatum, using state-of-the-art 

technique supercritical fluid extraction (SFE) technology. 
The extraction was conducted under specific parameters, 
followed by an evaluation of the potential of these SFE-

based extracts to inhibit the growth of Gram-positive and 
Gram-negative bacteria, as well as fungal species.  Addi-
tionally, these SFE extracts were analysed using high-

performance thin-layer chromatography (HPTLC) to iden-
tify and characterise the bioactive natural constituents. To 
the best of our knowledge, there is no scientific data 

demonstrating the successful extraction of D. denudatum 
via SFE. Therefore, this study serves as a scientific intro-
duction of the underutilized Delphinium denudatum, which 

we believe will provide valuable information for future 
research.   

 

Materials and Methods 

Sample collection           

The roots of Delphinium denudatum (JHFP-5431) were 

manually collected in autumn from a traditional folk mate-
rial in New Delhi, India and identified by a qualified taxon-

omist. 

Experimental chemicals and reagents           

All experimental chemicals and reagents used in the study 

were of high analytical grade and were sourced from 
Merck (Darmstadt, Germany).  

Super critical fluid extraction (SFE) aided pytochemical 

mapping         

The extraction of D. denudatum root was performed using 

an advanced supercritical fluid extraction unit (SFE-500M1
-2-C50; Waters Corp., Milford, MA, USA). The powder root 

material (10.05 ± 0.5 g) was evenly packed into the extrac-
tion vessel to prevent unwanted exposure to external air. 
To enhance the extraction efficiency, 1.5 g w/w of labora-

tory-grade glass wool was packed into the vessel filters to 
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fill the hollow area of the vessel. The extraction was con-
ducted at three different pre-adjusted pressures (150, 200, 

250 bar) and temperatures (60° C, 70 °C, 80 °C) to obtain an 
optimal yield. The final optimized extract was stored in a 
refrigerator at - 4 °C for further use in chromatographic 

analysis and microbial studies, including the mapping of 
secondary phytoactive constituents. 

Non cellular morphological investigation of D. denuda-
tum roots          

A detailed morphological study was conducted to examine 

the external features of D. denudatum roots, including 
their dimension, size, contour, tint, aroma, taste and frac-
ture characteristics (19). 

Computer aided cellular and powder examination         

An authenticated root specimen was subjected to trans-

verse section (TS), analysis to examine its cellular architec-
ture using a modified method (20). Fresh root pieces were 
placed in a 100 mL volumetric glass beaker containing 

70 % lactic acid and heated in an electronic boiling water 
bath (Hi media-12 hole) for about 30 min. The lactic acid 
softened the root tissues, facilitating cellular analysis. The 

specimen, preserved in a solution of formalin-glacial ace-
tic acid and methanol (30 % formalin, 15 mL; 70 % etha-
nol, 80 mL, glacial acetic acid, 10 mL), was used for T.S 

analysis of the plant.  

 Root tissues staining was performed using a mix-

ture of Toluidine Blue O (TBO) 0.25 % in an aqueous buffer 
medium (0.5 g benzoic acid in 100 mL distilled water, pH 

5.5), diluted with ion-free water. The stained section were 
examined under a laboratory microscope (Olympus BX 41, 
Tokyo, Japan). Root powder of optimum size (40 mesh 

size) was selected for individual cellular analysis and cellu-
lar histology was corroborated using advance imagining 
equipment (Motic microscopic system) connected to a 

computer. 

Standardize physicochemical profile          

The physicochemical profile of the plant sample was ana-

lysed by determining the ash values, extractive values and 
loss on drying, following scientifically approved guidelines 

and methods (21). The Karl Fischer method was employed 
to determine the water (moisture) content, ensuring the 
quality of the product. The determination of ash values 

provides an estimate of inorganic compounds, sandy ma-
terial and other unwanted contaminants present in the 
Delphinium root. 

Phytoextraction by analytical grade (AR) solvent          

The sample extraction was performed using a standard 

laboratory method. Shed-dried and cleaned plant material 
(20 g) was powdered and extracted using methanol  
(100 mL) as the organic solvent through Soxhlet extrac-

tion. The powdered plant material was packed into a thim-
ble and extracted with methanol for 18-24 h. Statistically, 
three extraction replicates (n=3) were completed within 

this time frame. 

 After extraction, the solvent was removed by plac-

ing the beakers in a water bath set at 50 °C to obtain a sol-
vent-free extract. The mixture was filtered through 

cleaned filter paper and the remaining solvent was evapo-
rated to dryness using a rotary evaporator (Buchi, Switzer-

land). The dehydrated extract was stored in a refrigerator 
for further phytochemical analysis (22). 

Fluorescence examination of powdered drug        

The fluorescence study of Delphinium root powder was 
conducted using a previously established method (23). 

The powdered drug was treated with a variety of analytical 
grade (AR) chemicals and examined under short-wave 
(254 nm) and long-wave (366 nm) ultraviolet (UV) light in a 

controlled UV chamber (Camag, Switzerland). The results 
were then documented. 

Chromatographic biography for bioactive phytoconstitu-
ents of D. denudatum root         

Thin layer chromatography (TLC) was performed on an 

aluminum HPTLC plate uniformly coated with silica gel 60 
(Camag, Switzerland). The sample-loaded HPTLC plate 
was placed in a twin-trough TLC chamber saturated with 

the mobile phase (toluene: ethyl acetate: formic acid; 
6:4:1, v/v/v) for 10 min. The developed HPTLC plate was 
scanned at wavelengths of 254 nm and 366 nm using Win-

Cats software (CAMAG, Switzerland). Additionally, the 
HPTLC plate was sprayed with anisaldehyde sulfuric acid 
(visualizing reagent) to detect various phytoconstituents 

of D. denudatum. 

Antimicrobial study of D. denudatum root        

The antimicrobial potential was assessed using a slightly 

modified agar well diffusion technique. Briefly, wells 
measuring 6 mm in diameter were created in the agar. A 

microbial suspension (100 µL) was prepared and each well 
was filled with 80 µL of extract (125 mg/mL in DMSO). The 
incubation period was set at 37 °C for 24 h for bacterial 

strains and at 30 °C for 4-7 h for fungal strains, as previous-
ly described (24). A unit volume of uncontaminated micro-
bial culture (50 µL) was obtained using a volumetric pi-

pette and poured onto a sterile glass Petri plate (4 cm 
wide). Autoclaved molten and aseptically cooled Mueller 
Hinton agar was used for bacterial studies, while potato 

dextrose agar (PDA) was utilized for fungal studies. The 2 
types of agar media were dispensed into pre-sterilized 
Petri plates and blended with the inoculum. After allowing 

the agar media to solidify (to a depth of 4 ± 0.5 mm), iden-
tical wells (5.0 mm in diameter) were created on the agar 
surface using a sterile metallic borer.  

 Subsequently, 100 µL and 500 µL of each extract 
(30 % w/v) were filled into the designated wells for bacteri-
al and fungal studies respectively. The chosen concentra-
tion of phytoextract was determined through an extensive 
literature review. The experimental plates were sealed 
with analytical grade paraffin and set aside under labora-
tory conditions (25 °C for 15 min) to allow proper diffusion 
of the phytoextract into the wells, followed by incubation 
at 37 °C for 72 h. In our study, we used the following micro-
bial strains: Staphylococcus aureus (Gram-positive bacte-
ria), Pseudomonas aeruginosa (Gram-negative bacteria) 
and Aspergillus niger (fungus). Dimethyl sulfoxide 
(DMSO; 5.0 % v/v) was selected as a negative control, 
while cefixime and fluconazole served as positive controls 
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against the microbes. 

Statistical Analysis           

Statistical analysis was performed, and the data were ex-
pressed as relative concentrations of normalized values. 
Results are presented as means ± standard deviations (SD) 
based on 3 consecutive repetitions (n=3). Statistical differ-
ences were analysed using one-way ANOVA with Graph 
Pad Prism 9.0, with differences considered statistically 
significant at p < 0.05. The values reported are the means ± SD 
of the quantified data.   

 

Results   

Supercritical fluid extraction (SFE)            

The extract yield was assessed by altering pressure and 
temperature to optimize the extraction conditions via su-
percritical fluid extraction (SFE). The observed % yield was 
directly influenced by these variables. The combination of 
different extraction parameters, such as pressures and 
temperatures, accounted for the varying % yields of the 
SFE extracts (level-1, level-2 and level-3). The effects of 
altered pressures and temperatures on the extraction 
yields of Delphinium extracts are illustrated in Fig. 1. It was 
observed that extraction yields increased with a combina-
tion of elevated SFE pressure and temperature. Specifical-
ly, an extraction pressure of 150 bar and a temperature of 
60 °C resulted in a lower SFE yield (0.8 % w/w, SFE level-1 
extract). In contrast, a pressure of 200 bar and a tempera-
ture of 80 °C produced a higher extraction yield (1.2 % w/w, 
SFE level-2 extract). The mid-range SFE extraction yield 
(0.95 % w/w, SFE level-3 extract) was achieved at an ex-
traction pressure of 250 bar and a temperature of 70 °C, as 
discussed in relation to the SFE level-3 extract. All experi-
mentally collected extracts of D. denudatum are collective-
ly referred to as “SFE-assisted phytoextracts.” 

Non cellular morphological investigation of D. denuda-

tum root          

The outer surface of the D. denudatum root was rough and 
hard, with a reddish-brown hue. It was tough to break and 
exhibited various noticeable longitudinal wrinkles. The 
dimensions were mathematically calculated to be 4-7 cm 
in length and 5-12 cm in width, with an elliptical contour. 
The root had a bitter taste and was devoid of any signifi-
cant aroma (Fig. 2 A). 

Computer added cellular and powder examination          

The transverse section (T.S.) of the D. denudatum root re-
vealed a thin-walled periderm consisting of a single to 
double layer of phelloderm and phellogen. The cortex re-
gion contained thin-walled parenchyma cells (Fig. 2B). The 
phloem parenchyma comprised numerous slender-shaped 
cells, arranged in clusters and tightly packed together 
(Fig. 2C). The endodermis was cylindrical, composed of 2 
or 3 layers of irregularly organized parenchymatous cells 
(Fig. 2D). Starch granules were well distributed, while thick
-walled stone cells were abundant in the parenchymatous 
region. Calcium oxalate crystals were identified as pris-
matic in shape and were plentiful in the xylem cells of the 
root (Fig. 2E). The results from the powder study con-
firmed the individual cellular structures as shown in  
Fig. 2F where xylem cells (X: not continuously arranged) 
are illustrated; Fig. 2G displays parenchyma (Pr: hexagonal 
in shape); and Fig. 2H shows stone cells (St: globular in 
shape), which are intermittently distributed throughout 
the powder. 

Standardize physicochemical profile            

The results of the physico-chemical analysis confirmed 
that the extraction yields reflect the quantity of phytocon-
stituents present in the Delphinium extracts. The highest 
yield was recorded for the methanol extract (7.15 ± 0.24 % 
w/w), while the lowest yield from Soxhlet extraction was 
found in petroleum ether (0.13 ± 0.12 % w/w) when cold 
extraction was employed, followed by chloroform, which 
yielded 2.96 ± 0.25 % w/w (Table 1). Additionally, the phys-
ico-chemical studies established the loss on drying at 
3.77 % and the moisture content at 2.56 %. The data on 
ash values for the Delphinium root suggest the presence of 
various naturally accumulated organic and inorganic ma-
terials as well as other unwanted contaminants. The total 
ash content in the D. denudatum sample was found to be 
4.97 % w/w, while the acid-insoluble ash was 2.19 % w/w 
and the water-soluble ash was 2.78 % w/w. Our results 
ranked the ash values in the following order: total ash > 
water-soluble ash > acid-insoluble ash (Table 2). Prelimi-
nary phytochemical screening indicated the presence of 
secondary metabolites, including polyphenolics, terpe-
noids, alkaloids, amino acids, glycosides and tannins. Fur-
thermore, the fluorescence study of the powdered drug 
was conducted after treatment with analytical-grade 
chemicals and reagents (Table 3). 

High performance thin layer chromatography (HPTLC) 
profiling of D. denudatum          

The chromatographic profiling revealed that the meth-
anolic, chloroform and petroleum ether extracts were well 
distinguished using the following mobile phases: (Hexane: 
Ethyl acetate: Formic acid; 60:20:20, v/v/v), (Hexane: Meth-
anol; 90:10, v/v) and (Chloroform: Ethyl acetate: Formic 
acid; 60:35:05, v/v/v) respectively. The methanol extract 
yielded clear spots at a wavelength of 254 nm, while satis-
factory and compact spots for the chloroform extract were 
observed at a wavelength of 366 nm. The spraying agent, 
anisaldehyde sulfuric acid, proved effective for the petro-
leum ether extracts. After air-drying, the developed plate 
was placed in an oven at 110 °C for 10 min to achieve com-

Fig. 1. Results of SFE assisted extraction yield (0.8 % w/w, 1.2 % w/w and 0.95 
% w/w) at altered pressure (bar) and temperature (°C) of D. denudatum root 
extracts. Amalgamation of selected pressures (100, 150, 200 and 250 bar) and 
selected temperatures (60, 70 and 80 °C) were employed to optimized extrac-
tion protocol for the proposed study.  
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pact spots. A total of 7, 5 and 7 phytoconstituents were 
identified in the HPTLC fingerprints of the methanolic, 
chloroform and petroleum ether extracts of D. denudatum 
(Table 4). 

 Based on the HPTLC study conducted on extracts 

obtained through traditional extraction techniques, we 
established the chromatographic parameters for subse-

quent studies. The optimal mobile phase (Hexane: Ethyl 
acetate: Formic acid; 60:20:20, v/v/v) was selected for the 
SFE-assisted D. denudatum extracts, based on the high 

retention factors (Rf) of the phytoconstituents. The HPTLC 
fingerprint profiles of the SFE-assisted D. denudatum ex-
tracts were then executed at three different levels: level I 

(150 bar at 60 °C), level II (200 bar at 70 °C) and level III (250 
bar at 80 °C), using different chromatographic conditions 
(daylight, after derivatization, short wavelength 254 nm 

and long wavelength 366 nm). 

 The results under various chromatographic condi-
tions were documented: in daylight, the SFE level-1 extract 

Fig. 2. (A) Photograph of intact root of D. denudatum. The root was black, brown, rough and wrinkled; (B) Histological photograph view and transverse section 
(T.S) by Motic microscope (dual slide holder with rack less stage; 100X) of D. denudatum root. Pr: parenchyma (rectangular and irregular arrangement);   (C) Pp: 
Phloem parenchyma (continuous distribution); (D) End: Endodermis (closely packed); (E) Sg: Starch grain (discontinuous distribution); Ca: Calcium oxalate (oval 
cluster and arrange in a groups); (F) X: xylem cells (not continuous arrangement); (G) Pr: parenchyma (hexagonal); (H) St: stone cells (globular intermittently 
spread).  

Extraction Tech- Solvent use for extraction % yield (% w/w)n* 

Cold extraction 

Petroleum ether 0.13 ± 0.12a 

Chloroform 2.96 ± 0.25b 

Methanol 1.47 ± 0.273c 

Aqueous 1.31 ± 0.41d 

Hot extraction 

Petroleum ether 0.43 ± 0.41e 

Chloroform 3.64 ± 0.45f 

Methanol 4.83 ± 0.43g 

Aqueous 1.75 ± 0.31d 

Soxhlet extraction 

Petroleum ether 0.88 ± 0.35h 

Chloroform 3.76 ± 0.51f 

Methanol 7.15 ± 0.24d 

Table 1. Percentage extractive yield of D. dendatum with different solvent by 
traditional techniques 

Traditional extraction results expressed in term of % yield (% w/w) as mean 
of triplicate *(n=3) ± standard deviations. Values in lower artistic letters indi-
cate significant differences (P < 0.05) between different extracts.  

Physicochemical parameters Value ± SD* 

Loss on drying 3.77 ± 0.13 

Moisture content 2.56 ± 0.25 

Total ash 4.97 ± 0.05 

Acid insoluble ash 2.19 ± 0.05 

Water soluble ash 2.78 ± 0.06 

Table 2. Results of physicochemical parameters of D. denudatum root pow-
der 

*Physicochemical results expressed as mean of three values (n=3) ± standard      
deviations at p< 0.05.  
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(tracks 1-3) exhibited 10 compounds; the SFE level-2 ex-
tract (tracks 4-6) showed 9 compounds and the SFE level-3 
extract (tracks 7-9) contained 5 compounds (Fig. 3A). Simi-
lar results were obtained after derivatization of the devel-
oped HPTLC plate (Fig. 3B). The HPTLC chromatogram 
showed that the SFE level-1 extract (tracks 1-3) contained 
12 compounds, the SFE level-2 extract (tracks 4-6) had 11 
compounds and the SFE level-3 extract (tracks 7-9) re-
vealed 4 compounds in daylight (Fig. 3C) and after derivati-
zation (Fig. 3D). 

 Encouraging results were also observed when scan-
ning the developed HPTLC plate of SFE-assisted D. denu-
datum root extract at different wavelengths: 254 nm 
(Fig. 4A) and 366 nm (Fig. 4B). The chromatographic HPTLC 
chromatogram for different level extracts showed that the 
SFE level-1 extract (tracks 1-3) contained 10 compounds, 
the SFE level-2 extract (tracks 4-6) had 11 compounds and 
the SFE level-3 extract (tracks 7-9) contained 2 compounds 
at 254 nm (Fig. 4C). In contrast, the HPTLC plate for differ-
ent level extracts scanned at 366 nm exhibited the follow-
ing compounds: SFE level-1 extract (tracks 1-3) had 11 
compounds, SFE level-2 extract (tracks 4-6) had 9 com-
pounds, and SFE level-3 extract (tracks 7-9) had 10 com-
pounds as discussed in Fig. 4D and Table 5. 

Antimicrobial study          

The results of the antimicrobial study were confirmed by 
measuring the zone of inhibition (ZI) and minimum inhibi-
tory concentration (MIC) of standard drugs (cefixime and 
fluconazole) and D. denudatum SFE level-2 extracts, along 
with DMSO as a negative control. The inhibitory effect of 

cefixime was recorded at a low concentration (MIC; 25 μg/mL) 

against Gram-positive (S. aureus: ZI; 13.43 ± 0.15 mm) and 
Gram-negative (P. aeruginosa: ZI; 19.27 ± 0.11 mm) bacte-
ria. In comparison, the antibacterial effects of D. denuda-
tum SFE level-2 extracts were observed at a dose of MIC; 

100 μg/mL, resulting in ZIs of 5.21 ± 0.29 mm for S. aureus 
and 7.48 ± 0.53 mm for P. aeruginosa. The standard anti-

bacterial dose (MIC; 25 μg/mL) was found to be ineffective 
against fungi, as no zone of inhibition was observed with 
standard fluconazole. However, fluconazole demonstrated 
a significant antifungal effect (ZI; 21.37 ± 0.9 mm) at a dose 

of MIC; 250 μg/mL. Based on the phytochemical investiga-
tion results, D. denudatum root (DDR) appears to contain 
several potent phytoactive compounds, as shown in 
Table 6. The antibacterial action of DDR is attributed to the 
presence of phytoactive compounds such as alkaloids, 
carbohydrates, terpenoids and tannins. The zones of inhi-
bition (ZIs) indicate that the antibacterial potential of  D. 
denudatum extracts varied, with values ranging from 5.21 
± 0.29 mm for S. aureus to 7.48 ± 0.53 mm for P. aerugino-
sa. The antifungal effect was notably strong, with a ZI of 

21.37 ± 0.9 mm observed at a dose of MIC; 250 μg/mL. 
Among the results, P. aeruginosa exhibited the largest 
zone of inhibition (ZI; 7.48 ± 0.53 mm), while S. aureus 
showed the lowest (ZI; 5.21 ± 0.29 mm). The antifungal 
effect (ZI; 21.37 ± 0.9 mm) was also considerable. These 
results significantly validate the antibacterial properties of 
D. denudatum SFE level-2 extracts against pathogenic bac-
teria. Additionally, the D. denudatum SFE level-2 extracts 
exhibited antifungal potential (ZI; 8.15 ± 0.9 mm) against  

A. niger at a MIC of 500 μg/mL (Table 6).  

 

Treatment with laboratory reagents Color of extract under 
laboratory light 

Color of extract  

(λ=254 nm)* 

Color of Extract  

(λ=366 nm)** 
Phytoconstituents specif-

ic to each reagents 

Plant powder + Ammonia solution Reddish brown Greenish brown Brown Alkaloids 

Plant powder + Double distilled water Earthy brown Dark brown Brown Tannins 

Plant powder + 5 % FeCl3 reagent Black Yellowish Black Reddish black Phenols 

Plant powder + Acetic acid Light brown Light brown Brown Triterpenoids 

Plant powder + concentrated HNO3 Green Greenish black Green Proteins 

Plant powder + Lugol Solution Black Bluish black Blue  Starch 

Plant powder + concentrated HCl Brown Reddish brown Dark brown Phlobatannins 

Plant powder + concentrated H2SO4 Dark yellow Dark brown Black Carbohydrates 

Plant powder + 5 % Aqueous NaOH Light orange Orange Orange Anthocyanins 

Plant powder + 5 % Aqueous KOH Light orange Orange Orange Flavonoids 

Table 3. Results of D. denudatum root powder analysis with the treatment of different laboratory reagents 

*Short distance wavelength-254 nm; **Long distance wavelength-366 nm.  

D. denudatum extract* 
Solvents use for mobile phase 

(mL) 

Detection wavelength (nm) 

and visualizing agent 
No of spot and Rf values 

Methanol extract 
Hexan: Ethyl acetate: 

Formic acid (60:20:20, v/v/v) 
254 (7) 0.19, 0.33, 0.41,0.61, 0.73, 0.74, 0.67 

Chloroform extract 
Hexane: Methanol 

(90:10, v/v) 
366 (5) 0.31, 0.55, 0.35,0.54, 0.42 

Petroleum ether extract 
Chloroform: Ethyl acetate: 
Formic acid (60:35:05, v/v/v) 

Anisaldehyde sulphuric acid 
(7) 0.21, 0.43, 0.25, 0.36, 0.45, 0.33, 0.53 

  

Table 4. Results of HPTLC fingerprint profile of D. denudatum extracts 

*Extracts use for HPTLC fingerprint profile obtained by tredetinal techniques (Soxhlet extraction) through organic sovents. Extract selection based on perecntage 
yield (w/w).  

https://plantsciencetoday.online


7 

Plant Science Today, ISSN 2348-1900 (online) 

  

Fig. 3.  High performance thin layer chromatography fingerprint profile of D. denudatum root  extract  via SFE at 3 different levels of pressure and temperature 
(level I:150 bar at 60 °C; 200 bar at 70 °C and 250 bar at 80 °C); A: Photograph of developed HPTLC plate in day light, B: Photograph of developed HPTLC plate after 
derivatization; (C) Chromatogram of  day light developed HPTLC plate of different level extracts; level-1 extract: track 1-3 (10 compounds); level-2 extract: track 4-
6 (9 compounds); level-3 extract: track 7-9 (5 compounds); (D) Chromatogram after derivatization of developed HPTLC plate of  different level extracts; level-l 
extract: track 1-3 (12 compounds); track 4-6 (11 compounds); track 7-9 (4 compounds); Each level (I-III) shown different Delphinium extract, obtained by SFE  
extracts.  

Fig. 4.  High performance thin layer chromatography fingerprint profile of D. denudatum root  extract  via SFE at 3 different levels of pressure and temperature 
(level I:150 bar at 60 °C; 200 bar at 70 °C and 250 bar at 80 °C); A: Photograph of developed HPTLC plate at 254 nm, B: Photograph of developed HPTLC plate at 366 
nm; (C) Chromatogram of developed HPTLC plate of different level extracts scan at 254 nm; level-1 extract: track 1-3 (10 compounds); level-2 extract: track 4-6 (11 
compounds); level-3 extract: track 7-9 (2 compounds); (D) Chromatogram of developed HPTLC plate of  different level extracts scan at 366 nm; level-l extract: 
track 1-3 (11 compounds); track 4-6 (9 compounds); track 7-9 (10 compounds); Each level (I-III) shown different Delphinium extract, obtained by SFE  extracts.  
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Discussion 

Plants hold significant medicinal importance in traditional 
medicine systems and are increasingly sought after in 
herbal and nutraceutical markets for their potential bene-
fits to human health (25). D. denudatum is primarily con-
sidered an endangered plant due to the limited availability 
of its flora and fauna (26). Consequently, the roots of this 
plant are of high medicinal value, especially considering 
their benefits for the health of local communities (27). Del-
phinium is a unique botanical species that thrives at high 
altitudes in the Himalayan region, where it requires specif-
ic environmental conditions to grow for a limited period 
(28). As a result, this rare and interesting plant has not 
been extensively studied for its biological properties. While 
traditional healers and herbalists recognize the signifi-
cance of this species, there is still a considerable lack of 
scientific research focusing on analytical techniques, bio-
active potentials and the medicinal applications of this 
plant (29). 

 Today, supercritical fluid extraction (SFE) is recog-
nized as an emerging green technology for the efficient 
extraction of high-quality herbal drug extracts. SFE ex-
tracts are free from hazardous chemicals, as the extraction 
process utilizes environmentally friendly solvents such as 
water (H₂O) or carbon dioxide (CO₂) (29). While water is the 

preferred extraction solvent and is abundantly available in 
nature, CO₂ is gaining popularity due to its favorable oper-
ational requirements (30). Moreover, SFE minimizes the 
risk of extract degradation compared to traditional extrac-
tion methods, which often involve direct heat and higher 
temperatures (31). The plant extracts obtained through 
SFE are of high quality and free from solvents, even when 
ethanol is used as a co-solvent. The high penetration and 
diffusivity of CO₂ within the inner matrix of plant cells 
make it an ideal choice for extracting bioactive com-
pounds. However, the low polarity of CO₂ poses challenges 
for extracting polar compounds. To address this issue, 
previous studies have suggested the addition of a co-
solvent (either an organic solvent or water) to enhance 
extraction efficiency (32). In our study, we conducted state
-of-the-art SFE-assisted extraction using CO₂ as the solvent 
at different pressures (150 bar, 200 bar and 250 bar) and 
temperatures (60 °C, 70 °C and 80 °C) to optimize the 
standardized extraction procedure and calculate the % 
yield. 

 In this context, the combination of supercritical 
carbon dioxide (CO₂) and ethanol as a co-solvent was pre-
ferred for extracting Delphinium denudatum root (DDR). 
Previous research has shown that increasing the extrac-
tion pressure from low to high enhances the solvent densi-

Detection conditions and visualizing 

agents 
SFE assisted  

D. denudatum 

HPTLC track 

numbers Number of compounds and Rf values* 

Day light 

Level-1 1-3 (10) 0.12, 0.13, 0.34, 0.51, 0.33, 0.64, 0.27, 0.41, 0.29, 0.81 

Level-2 4-6 (9) 0.71, 0.25, 0.15, 0.64, 0.22, 0.81, 0.49, 0.85, 0.72 

Level-3 7-9 (5) 0.51,0.73,0.54, 0.16, 0.35 

Anisaldehyde sulphuric acid 

Level-1 1-3 (12) 0.49, 0.53, 0.31,0.41, 0.38, 0.95, 0.57, 0.93, 0.43, 0.82, 0.76, 0.41 

Level-2 4-6 (11) 0.91, 0.48, 0.81, 0.38, 0.27, 0.53, 0.61, 0.31, 0.29, 0.54, 0.22 

Level-3 7-9 (4) 0.85, 0.54, 0.05, 0.91 

Short wavelength (254 nm) 

Level-1 1-3 (10) 0.37, 0.52, 0.43, 0.57, 0.23, 0.43, 0.61, 0.28, 0.45, 0.66 

Level-2 4-6 (11) 0.71, 0.94, 0.62, 0.55, 0.49, 0.72, 0.59, 0.77, 0.18, 0.11, 0.88 

Level-3 7-9 (2)  0.73, 0.13 

Long wavelength (366 nm) 

Level-1 1-3 (11) 0.98, 0.51, 0.32, 0.11, 0.64, 0.88, 0.45, 0.52, 0.40, 0.22, 0.70 

Level-2 4-6 (9) 0.12, 0.43, 0.39, 0.22, 0.56, 0.07, 0.75, 0.27, 0.69 

Level-3 7-9 (10) 0.01, 0.83, 0.72, 0.05, 0.19, 0.13, 0.40, 0.85, 0.91, 0.75 

Table 5.  Results of HPTLC fingerprint profile of SFE assisted D. denudatum extracts at different levels under controlled pressures (bar) and temperatures (°C) 

SFE assisted D. denudatum root extraction carried out at selected pressures (100, 150, 200 and 250 bar) and selected temperatures (60, 70 and 80 °C) employed to 
optimized extraction protocol for the proposed study. *Mobile phase: Hexane: Ethyl acetate: Formic acid (60:20:20, v/v/v).  

Antimicrobial Activity Name of D. denudatum extract 
and antimicrobial agents 

Pathogenic 
strains 

Zone of inhibition 

(ZI mm)n* 

Minimum inhibitory concentration 

(MIC μg mL-1) 

Anti bacterial 

D. denudatum SFE-level-2 extract 
S. aureus 5.21 ± 0.29a 100 

P. aeruginosa 7.48 ± 0.53a 100 

Cefixime 
S. aureus 13.43 ± 0.15b 25 

P. aeruginosa 19.27 ± 0.11c 25 

Anti fungal 
D. denudatum SFE-level-2 extract A. niger 8.15 ± 0.9d 500 

Fluconazole A. niger 21.37 ± 0.9e 250 

Table 6. Antimicrobial effect of D. denudatum super critical (SFE-level-2) extract and standard (Cefixime and Fluconazole) drugs 

Antimicrobial results expressed in term of zones of inhibition (ZI mm) as mean of triplicate (n=3) ± standard deviations. Data in column of minimum inhibitory 

concentration (MIC) of D. denudatum SFE-level-2 extract (100 μg mL-1), Cefixime (25 μg mL-1) and Fluconazole (250 μg mL-1) are expressed in μg mL-1. Values in 
lower artistic letters indicate significant differences (P < 0.05) between different microbial strains using the same extract.  
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ty, resulting in improved solvating capacity and higher 
extraction yields (12 However, the relationship between 
temperature and extraction yield in SFE is not always line-
ar. Consequently, an increase in operational temperature 
can lead to either a low or high extraction yield from plant 
material or it may have no effect at all. This variation de-
pends on the effectiveness of solvent density and the va-
por pressure of the solute. 

 The results obtained were consistent with the previ-

ously mentioned explanation, showing that high % yields 
were achieved under optimized SFE operational condi-

tions of 200 bar and 70 °C. The primary objective of this 
study was to identify the optimal extraction conditions for 
Delphinium denudatum using the sophisticated SFE tech-

nique. Additionally, we conducted extractions using tradi-
tional methods to compare and select the best extraction 
approach. The traditional techniques employed in our 

study included cold extraction, hot extraction and Soxhlet 
extraction. While these methods have been utilized by var-
ious authors for extracting plant constituents, they also 

have some drawbacks. Notably, the yields from these tra-
ditional techniques were lower than those obtained 
through SFE (33). Cold extraction, for instance, requires 

prolonged solvent and solute contact time for effective 
extraction (34). On the other hand, heat-assisted extrac-
tion methods (hot extraction and Soxhlet extraction) oper-

ate at higher temperatures, which have been reported to 
degrade bioactive compounds. Furthermore, the use of 
organic solvents, such as benzene, poses health risks and 

environmental concerns, whereas SFE extracts are free of 
hazardous chemicals (35, 36). 

 The present study provides a comprehensive botan-
ical analysis of Delphinium root to facilitate the identifica-

tion and understanding of adulterations associated with 
inferior quality plant material. Consequently, we conduct-
ed detailed assessments of morphological, cellular, physi-

cochemical and quality parameters, which are exceptional 
and can be used to identify Delphinium species and their 
herbal products. Additionally, the phytometabolites were 

evaluated using supercritical fluid extraction (SFE). 

 The morphological and cellular examination of vari-

ous plant tissues is crucial for the botanical and pharma-
cognostical assessment of herbal drugs (37). Root studies, 

in particular, hold significant importance in establishing 
the genetic and taxonomical profiles of closely related 
species. These studies are also essential for the initial 

identification of herbal drugs and for botanical verification 
in both the herbal industry and plant-based research (38). 

 This report presents the macroscopic and micro-
scopic characteristics of the root of D. denudatum. It high-

lights key morphological features, including tissue ar-
rangement, root size, shape, texture, color and scar, 
providing valuable information for future research, stand-

ardization and differentiation between adulterated and 
high-quality herbal products. Based on this analysis, it was 
observed that D. denudatum possesses compound trifoli-

ate leaves that are alternately attached to the stems. The 
roots are highly wrinkled, conical in shape and have a 
rough surface. 

 Our study aligns with previously published reports 
on the root anatomy of plants in the Rutaceae family (39). 

Experiments have been conducted to explore the various 
characteristics and features of the roots belonging to this 
family. Notably, the root structure of D. denudatum shares 

similarities with Aconitum in several aspects, such as root 
shape, outer shell texture, surface color and rough root 
scars. These observed root features are common within 

the family Delphinieae. Additionally, the root morphology 
of Delphinium is quite similar to that of Aconitum, including 
the presence of a parenchyma layer, stone cells and pitted 

starch granules. Variations in morphological and micro-
scopic features have been examined in the roots of Del-
phinium (40). Additionally, the root morphology of Delphin-

ium is quite similar to that of Aconitum, including the pres-
ence of a parenchyma layer, stone cells and pitted starch 
granules (41). Variations in morphological and microscopic 

features have been examined in the roots of Delphinium. 
The diversity in root characteristics among different Del-
phinium species underscores the significant role of these 

anatomical features in distinguishing and authenticating 
plants at the botanical level. 

 Delphinium roots are known for their medicinal val-
ue due to the presence of C19 and C20 alkaloids, which 

exhibit various pharmacological actions (4, 25, 42). The 
SFE-assisted HPTLC analysis was conducted to identify 
bioactive constituents that can serve as a markers for 

quality assessment and standardization of botanical and 
herbal products. The bioactive constituents found in the 
roots of Delphinium, including C19 alkaloid, C20 alkaloids, 
resins, saponin glycosides, highlights the significance of 
this plant in biological processes. These constituents indi-
cate the potential of root extracts for nephroprotective, 

psychoactive and antimicrobial effects against various 
health issues (3). Previously, several derivatives of the 
norditerpenoid lycoctonine alkaloid have been isolated 

from the roots of D. denudatum, exhibiting significant anti-
microbial activity against human pathogens and antifeed-
ant activity against insects such as Spodoptera littoralis 

and Lepidoptera decemlineata (43, 44). An earlier report 
confirmed the de-addiction properties of D. denudatum 
root extracts in morphine addiction (45). The cellular study 

elucidates the characteristics of the cellular arrangement 
in the structural components of D. denudatum roots. The 
fluorescence properties of the powdered material at al-

tered wavelengths are associated with the authenticity 
and standardization of the plant material (46). The pow-
dered drug was treated with a range of organic and inor-

ganic reagents for fluorescence analysis at short (254 nm) 
and long (366 nm) wavelengths to identify the phytocon-
stituents.  

 Since the plant is obtained from wild sources, there 

is a significant risk of contamination, which can indicate 
potential adulteration. Consequently, the ash values were 
calculated mathematically to assess quality (47). The ash 

value establishes a direct link to the quality parameters of 
D. denudatum. Total ash can indicate the presence of inor-
ganic substances, such as carbonates, silicates, oxalates 

and phosphates. High total ash values raise concerns 
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about adulteration and question the quality and purity of 
the botanicals and their products (48). Previous literature 

suggests that acid-insoluble ash is indicative of associated 
silica; therefore, elevated levels of acid-insoluble ash may 
result from contamination with sandy materials (49). Inor-

ganic elements can also be quantified through water-
soluble ash analysis. In our study, the total ash content in 
the D. denudatum sample was found to be 4.97 % w/w, 

while the acid-insoluble ash was 2.19 % w/w and the water
-soluble ash was 2.78 % w/w. Our results establish the fol-
lowing order for ash values: total ash > water-soluble 

ash > acid-insoluble ash (50). 

 Introductory phytochemical screening explores the 

presence of secondary metabolites, including polyphenol-
ics, terpenoids, alkaloids, amino acids, glycosides and tan-

nins, which have been discussed in earlier reports and are 
responsible for the bio-efficacy of Delphinium. These me-
tabolites also exhibit effective pharmacological activity 

(19). Delphinium denudatum is recognized as a source of 
C19 and C20 diterpene alkaloids, such as delbrunine, 
delcarpum, delbruline and delbrusine (14). Earlier studies 

have indicated that the structure-activity relationship 
(SAR) is crucial for biological activity, depending on the 
character and position of different substituents on the 

compounds (33). Generally, alkaloids with substituents 
such as OH, OCH₃, CH₃, CH₂OH, CH₂CH₃ and others are 
more favorable for drug formulation than those with 1 or 2 

esters; these substituents are predominantly found in 
diterpene alkaloids. Structurally, Delphinium alkaloids are 
claimed to have antimicrobial activities, a mechanism that 
has been confirmed by various researchers (37). 

 Based on the utilization of supercritical fluid extrac-

tion (SFE) for extracting Delphinium roots, retention fac-
tors (Rf) were determined using high-performance thin-

layer chromatography (HPTLC) at different SFE extract 
levels (level-1, level-2 and level-3). The Rf values for vari-
ous constituents of Delphinium were assessed under four 

different conditions: daylight, after derivatization, at  
254 nm and at 366 nm. Furthermore, this study represents 
the first attempt to map various phytometabolites in root 

samples via SFE-assisted HPTLC fingerprinting. Several 
studies have reported that a range of solvents is used to 
detect phytoconstituents from root samples, employing a 

mobile phase of (Ethanol: Formic acid: Chloroform; 
60:20:20 v/v/v) for Delphinium extract. In contrast, this 
study selected (Toluene: Ethyl acetate: Formic acid; 

60:40:10 v/v/v), which provided clearer separation and 
visualization of the phytoconstituents (22, 23).  

 The order of Rf values observed in our study for the 
different conditions was daylight > derivatization > 254 nm 

> 366 nm. Ultimately, the results indicated that HPTLC 
scanning at 366 nm of the SFE-assisted level-2 extract ex-
hibited the greatest number of phytoconstituents, repre-
sented by numerous resultant peaks and Rf values. This 
may be attributed to the higher compatibility of the active 
constituents of D. denudatum with the CO₂ solvent used in 

SFE extraction. A similar outcome was previously reported, 
indicating that the % compatibility of phytoconstituents is 
higher in CO₂ compared to other solvents (32). Previous 

studies have noted that SFE is a fast and environmentally 
friendly solvent-free extraction technique that minimizes 

harm to phytoconstituents (22). This suggests that the ac-
tive constituents of D. denudatum remained intact even 
after SFE extraction. Due to the presence of these bioactive 

natural constituents, subsequent antimicrobial activity 
was assessed using the agar well diffusion assay method. 
The presence of secondary phytometabolites may be re-

sponsible for the observed antimicrobial activity, which 
aligns with findings from previous studies. The antibacteri-
al action of D. denudatum SFE level-2 extracts can be at-

tributed to these secondary phytometabolites and varia-
tions in the photoactive compounds significantly influence 
the potential for antibacterial activity (41).  

 As no previous antimicrobial studies have reported 

on the SFE-assisted extract of D. denudatum, the proposed 
study advocates for the use of D. denudatum root extract 
(DDR) in addressing various life-threatening diseases 

caused by Gram-positive bacteria, Gram-negative bacteria 
and fungal infections. Our results are directly linked to the 
bioactive phytoconstituents present in DDR, which have 

been cited in earlier reports (29). Therefore, given this in-
formation, D. denudatum could be a promising candidate 
for antimicrobial preparations, signalling potential for fur-

ther therapeutic discoveries. 

 In the present study, the antimicrobial properties of 

SFE-assisted D. denudatum root extract (DDR) at various 
concentrations were evaluated and correlated with the 

zone of inhibition. The microbial strains tested included 
Gram-positive Staphylococcus aureus, Gram-negative 
Pseudomonas aeruginosa and the fungus Aspergillus niger. 

The SFE-assisted level-2 Delphinium extract demonstrated 
strong antibacterial and antifungal activity against the 
selected pathogens. 

 This study further confirms the significance of Del-

phinium extract with respect to minimum inhibitory con-
centration (MIC) determination, as even the lowest con-
centration exhibited potent antimicrobial action. The anti-

microbial activity is attributed to the presence of various 
phytoconstituents, as it is well established that plant sec-
ondary metabolites act as widespread antimicrobial 

agents (29). These secondary metabolites and plant-
derived compounds are considered toxic to microbes, 
demonstrating a strong bactericidal and fungicidal effect 

against several microbial strains (18). The biocidal effect of 
SFE level-2 DDR on harmful microbes can be partially ex-
plained by the observation that microbes lose their DNA 

replication capacity, while the cellular proteins become 
inactivated during treatment with SFE level-2 DDR (13). 
Additionally, it is believed that Delphinium phytoconstitu-

ents bind to the active sites of proteins, leading to dena-
turation of microbial proteins. In contrast, extracts ob-
tained through traditional techniques have limitations as 
antimicrobial candidates due to various degradation fac-
tors, including the degradation of plant secondary metab-
olites at high temperatures, the use of harmful solvents, 

and prolonged exposure of solute to solvent (15). Howev-
er, these limitations can be overcome by utilizing SFE as 
an extraction method, given its high extraction yield for 
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DDR due to the rapid diffusivity of carbon dioxide (CO₂) 
and the extensive surface exposure of plant material (31). 

Overall, the green extract from Delphinium exhibited supe-
rior antimicrobial activity against all experimental organ-
isms. Based on these findings, D. denudatum root extract 

could be considered a promising candidate for antibiotic 
drug delivery against life-threatening diseases caused by 
pathogens.  

 

Conclusion  

In conclusion, the present study explored the diverse bo-
tanical properties of the less-publicized medicinal plant 

Delphinium denudatum Wall. Compared to traditional ex-
traction techniques, supercritical fluid extraction (SFE) can 
be considered a nature-friendly method, utilizing carbon 

dioxide (CO₂) as a safe solvent for extracting natural prod-
ucts. The highly structured chromatographic phytoprofil-
ing using SFE and high-performance thin-layer chromatog-

raphy (HPTLC) highlighted the rich botanical composition 
of D. denudatum. The application of phytobiography 
through chromatographic analysis established a clear re-

lationship between the SFE extracts, particularly the level-
2 extracts of Delphinium. Overall, the results of this study 
strongly suggest that SFE-based D. denudatum phytoex-

tracts can be developed as a drug regimen against various 
pathogenic diseases. To the best of our knowledge, there 
is no scientific data indicating that   D. denudatum has 

been sufficiently studied using SFE. This study also ex-
plores the computer-aided anatomical standards of Del-
phinium. Furthermore, the botanical identification of D. 

denudatum is essential to maintain product efficacy and to 
promote its medicinal traits, providing valuable infor-
mation for species recognition in future commercial appli-

cations.   
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