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Abstract

Diabetic wounds represent a significant challenge in modern healthcare, with delayed healing and increased susceptibility to

infections. This study aims to synthesise and characterise an Ayurvedic polyherbal formulation from Securinega leucopyrus

(Katupila), Azadiracta indica (Limbdo), Acacia catechu (Khadir) and Vitex negundo (Nirgundi) for diabetic wound healing.

The research encompasses preparation by decoction, followed by qualitative and quantitative phytochemical analysis, and bi-

ological assays including antioxidant, and antibiofilm activity against pathogens. Additionally, the study examines the devel-

opment of a topical ointment for improved application on diabetes mellitus patients' wounds. The isolation and characteri-

zation of bioactive compounds are conducted using GCMS techniques.
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Introduction

Diabetic Wound Healing Challenges

Diabetes  is  the  aggregation  of  complications  at

metabolic state involving a myriad of comorbidities includ-

ing  the  serious  conditions  of  poor  wound healing,  chronic

ulceration, neuropathy, ischemia, and immune dysfunction

and  resultant  amputation  of  limb.  The  epidermal  wound

healing  is  a  definite  and  orderly  phase  while  the  diabetic

condition makes it distorted at all stages. While the etiology

of chronic, non-healing category, diabetic wounds is multi--

faceted leading to the progression to a non-healing pheno-

type  that  has  been  quite  linked  to  poor  vascular  networks

[32].  Diabetes  mellitus  (DM) is  a  chronic  metabolic  disor-

der characterized by hyperglycaemia, which can lead to vari-

ous complications, including impaired wound healing. Dia-

betic  wounds  often  exhibit  delayed  healing,  increased  sus-

ceptibility  to  infection,  and  a  higher  risk  of  amputation.

Conventional  wound  care  management  strategies  have

proven insufficient  in  addressing  these  challenges,  necessi-

tating alternative therapeutic approaches.  DM is associated

with various long-term complications affecting multiple or-

gan  systems,  including  the  cardiovascular,  renal,  nervous,

and  integumentary  systems.  These  complications  can  lead

to significant morbidity and mortality and impose a substan-

tial socioeconomic burden. Among these complications, dia-

betic foot ulcers (DFUs) are a significant challenge that af-

fects  approximately  15%  of  individuals  with  DM  during

their  lifetime.

Ayurveda and Polyherbal Formulations

Ayurveda,  an  ancient  Indian  system  of  medicine,

has  been  used  for  thousands  of  years  to  treat  various  ail-

ments.  Ayurvedic  polyherbal  formulations  are  mixtures  of

multiple medicinal plants, which are believed to have syner-

gistic  effects  that  can  enhance  therapeutic  benefits.  These

formulations  are  known  for  their  multi-  targeted  actions,

fewer side effects, and holistic approach to health. Polyher-

bal formulations have been reported to exhibit anti-inflam-

matory,  antioxidant,  and  antimicrobial  properties,  which

could  contribute  to  wound  healing  in  diabetic  patients.

Materials and Methods

Plant materials and sample preparation

Plant materials of Certain xerophytic plants under-

taken for research are Securinega leucopyrus [69], Vitex ne-

gundo [74], Acacia catechu [83] and Azadiracta indica [85],

collected from Saurashtra region, and their botanical identi-

ties  were  confirmed by  a  certified  botanist  Dr.  Neha  Patel,

Atmiya  University.  The  plant  samples  were  washed,  air--

dried under shade, and then ground into a fine powder us-

ing  a  mechanical  grinder.  The  powdered  samples  were

stored  in  air-tight  containers  until  further  use.

Preparation  of  the  Ayurvedic  polyherbal  formula-
tion

The  Ayurvedic  polyherbal  formulation  was  pre-

pared through decoction, a traditional method of extracting

bioactive compounds from plant materials.  A specific ratio

of the powdered plant materials was mixed and boiled in dis-

tilled water until the volume reduced to one-fourth. The de-

coction  was  then  filtered  and  concentrated  using  a  rotary

evaporator to obtain the final extract [55,69].

Phytochemical analysis

Qualitative phytochemical analysis

The qualitative phytochemical analysis of the poly-

herbal formulation was conducted using standard methods

to  identify  the  presence  of  various  phytoconstituents,  such

as  alkaloids,  flavonoids,  tannins,  saponins,  and  terpenoids

[7,27,89].

Quantitative phytochemical analysis

Quantitative  phytochemical  analysis  was  per-

formed  to  determine  the  total  phenolic  content,  total

flavonoid content, and total tannin content of the polyher-

bal  formulation  using  spectrophotometric  methods  and

standard  calibration  curves  [7,27,89].

Extraction of phytochemicals

Phytochemical  extracts  were  prepared for  obtain-

ing  the  bioactive  compounds  from  the  powdered  mixture.

For  extraction  of  different  bioactive  compounds  different
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solvents were used. These solvent were heated at their specif-

ic  boiling  points.  The  process  involved  different  solvents

like  two polar  solvents  methanol  & water,  two semi-  polar

solvents chloroform & hexane and two non- polar solvents

ethanol & petroleum ether. These extracts would be stored

for  further  characterisation  studies  aimed  to  isolate  the

bioactive compounds.

Antioxidant assay

The antioxidant activity of the polyherbal formula-

tion  was  evaluated  using  multiple  assays,  including  DPPH

(2,2-diphenyl-1-picrylhydrazyl)  radical  scavenging  assay.

The  DPPH  (2,2-diphenyl  1-picrylhydrazyl)  assay  was  car-

ried  out  according  to  the  standard  method.  An  aliquot  of

carotenoids  (100μl)  and  equal  volume  of  acetone  and

methanol  were  added  to  950μl  of  100μM  DPPH  methanol

solution.  The  mixture  was  shaken  vigorously  and  then  left

to stand at RT for 30 min in the dark [37]. The absorbance

was  measured  spectrophotometrically  at  580nm against  an

acetone/methanol (1/1, v/v) blank.

GCMS analysis

Control absorbance - sample absorbance× 100

Gas  chromatography-mass  spectrometry  (GCMS)

analysis was employed to further elucidate the volatile com-

pounds present in the polyherbal formulation. The analysis

was conducted using a gas chromatograph equipped with a

mass selective detector. The resulting data were used to iden-

tify and characterize the volatile compounds based on their

retention  time,  mass  spectra,  and  comparison  with  refer-

ence libraries.

Molecular Biology assay

The mouse  skin  fibroblast  cell  line  m5S (4×104

cells per mL) were cultured using medium α MEM supple-

mented with  fetal  bovine  serum (10%) and antibacterial

cocktail (1%) at room temperature (37 °C), with a continu-

ous supply of CO2 and with maintenance of 95% humidity.

Cell  Proliferation Assay by MTT was used for

study of  cell  proliferation.  Untreated cells  were taken as

Control. Cells were seeded in 96 well plates at a density of

1×104cells were treated with different doses of formulation

for normal cell, for hyperglycaemic cell 0.5µl/ml, 1µl/ml in

oil, 150µl/ml. Treated cells were washed with phosphate buf-

fered solution (PBS). 100µl MTT solution was added into

each well, and cells were incubated at 370C for 4 hr. The re-

sulting intracellular purple formazon was quantified with a

spectrophotometer at an absorbance of 570nm (Multiskan

FC, Thermo Fischer Scientific, Inc., Pittsburgh, PA, USA)

Quantification  of  intracellular  reactive  oxygen  spe-
cies (ROS) assay

Intracellular  ROS  was  quantified  by  using  Oxise-

lectTM Intracellular ROS assay kit (DoJindo, Inc, Washing-

ton, DC, USA). Cells were seeded on coverslips in 6- well

plates at a density of 3×105  cells/well.  Cells were washed

with PBS solution, 25µM DCFH-DA was added to cells 1 hr

prior to treatment and incubated at 37°C. After incubation

formulation was added on the basis of Cell Proliferation As-

say (dose dependent) 30µl for normal cell and for hypergly-

caemic cell Formulation doses were 0.5µl, 1µl and then incu-

bated at 37°C for 2 and 4 hr. After treatment coverslip was

removed in  separate  well  washed with  PBS solution 1-2

times. The cells were fixed on coverslip with 4%PFA or 70%

Slides were mounted and images were captured using a con-

focal and fluorescence microscope (BZ-9000, Keyence, Osa-

ka, Japan).

Cell Proliferation by Flow Cytometer

Cell  Apoptosis  was quantified by an Annexin V--

FITC  apoptosis  detection  kit  (Nacalai  Tesque,  Tokyo,  Ja-

pan).  Normal  and  hyperglycaemic  cells  were  seeded  in  6-

well plate density at – cells/well in the semi confluent phase

were treated with varied concentration of Formulation for 2

and 4 hr. Cells were washed with PBS solution. Trypsin-ED-

TA was to for detach the cell from surface. Normal and hy-

perglycaemic  medium was  added  in  normal  and  hypergly-

caemic cell respectively. Annexin binding buffer was added

in  the  cell  suspension,  and  then  incubated  with  Annexin

conjugate  at  room  temperature  for  15  min  in  the  dark.

Stained cells were added to PI (Propidium Iodide) solution

before  analyzed  by  Flow  cytometry  machine  (BD  Bios-

ciences  7000).

Phagocytosis Assay

Phagocytosis was determined using FITC (fluores-
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cein-isothiocyanate)  phagocytosis  kit  (Cayman  chemical,

Ann Arbor,  MI,  USA).  Hyperglycaemic  cells  seeded in  12-

well plates at a 1×10 4  densities of cells/well were treated

with formulation and for 2hr and 4hr and LPS was added

for 4hr. After LPS treatment, cells were grown in hypergly-

caemic DMEM medium for 24hr. After 24 hr, the cells were

washed with PBS, and incubated with rabbit IgG-FITC con-

jugates  latex  beads  for  3  hr.  Nuclei  were  counterstained

with DAPI and fluorescence images were obtained using

confocal laser scanning microscope TCS SP8 (Leica, Ger-

many).

In vitro cell migration assay

In vitro wound healing assay determined by using

µ-well  culture inserts  (Ibidi  Suppliers,  Lochhamer,  Grafelf-

ing, Germany). Skin fibroblast cells (M5s) were culture in µ-

well  with  normal  medium  and  glucose  medium  culture

insert to fully confluent stage. Cells were treated with differ-

ent concentration of formulation and for 2 hr and 4 hr incu-

bated  at  37°C.  After  2  hr  and  4  hr  insert  were  slowly  re-

moved  without  disturbing  the  edge  and  cells  were  fixed

with  100%  Methanol  for  10  min  in  room  temperature.

Fixed  cells  were  washed  with  PBS  and  stained  with  0.5%

crystal violet cell staining dye for 5 min. Excess stain was re-

moved  by  washing  continuously  with  distilled  water.  Air

dry  the  µ-well  in  aseptic  condition.  Photographs  taken  in

(IX71, OLYMPUS, Japan).

Live Cell Migration Assay

Skin  fibroblast  cells  (M5s)  were  culture  in  µ-well

culture  to  fully  confluent  stage.  Inserted  slowly  and  re-

moved without  disturbing  the  edge.  Cells  were  cultured  in

standard  cell  culture  medium  with  normal  and  glucose

medium  varied  concentration  of  Formulation  and  in  α

MEM conditioned with at cell culture chamber. Live cell mi-

gration  during  different  treatment  was  captured  by  time

lapse video device (Cyto smart-II, Lonza, Inc., Morristown,

NJ, USA) in conjunction with Image J (NIH) software.

Results and Discussion

Phytochemical analysis results

The  qualitative  phytochemical  analysis  of  the

Ayurvedic polyherbal  formulation revealed the presence of

various bioactive constituents, such as alkaloids, flavonoids,

tannins, saponins, and terpenoids. The quantitative analysis

showed  significant  levels  of  total  phenolic  content,  total

flavonoid  content,  and  total  tannin  content,  indicating  the

potential therapeutic properties of the formulation.

Table 1: Phytochemical Characterization: Qualitative methods

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Kwath (aqueousextract)

Phenolics +ve +ve +ve +ve +ve

Flavonoids +ve +ve +ve +ve +ve

Tannins +ve +ve +ve +ve +ve

Alkaloids +ve +ve +ve +ve +ve

Terpenoids +ve +ve +ve +ve +ve

Anthra-quinones -ve +ve -ve -ve +ve

Saponins -ve +ve +ve +ve +ve

Glycosides -ve +ve +ve +ve +ve
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Table 2(a): Test for Phenolics

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Formulation

Phenolics 226 µg/ml 61.76 µg/ml 158.16 µg/ml 1.87 µg/ml 34.908 µg/ml

Table 2(b): Test for Flavonoids

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Formulation

Flavonoids 1.277 µg/ml 1.277 µg/ml 1.12 µg/ml 1.186 µg/ml 1.89 µg/ml

Table 2(c): Test for Tannins

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Formulation

Tannins 3.569 µg/ml 2.67 µg/ml 2.4249 µg/ml 0.146 µg/ml 1.27 µg/ml

Table 2(d): Test for Alkaloids

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Formulation

Alkaloids 17.2 µg/mg 21.67 µg/mg 18.35 µg/mg 11.2 µg/mg 17.1 µg/mg

Table 2(e): Test for Terpenoids

Bioactive Compounds Extracts

S. leucopyrus V. negundo A. indica A. catechu Formulation

Terpenoids 0.976 mg 0.91 mg 0.879 mg 0.907 mg mg

Table 2: Phytochemical Characterization: Quantitative methods

Antioxidant assay

The  polyherbal  formulation  exhibited  potent  an-

tioxidant activity in the DPPH assay suggesting its potential

role in mitigating oxidative stress in diabetic wounds there-

by indicating its potential to prevent and disrupt biofilm for-

mation by pathogens, which could further enhance its thera-

peutic efficacy in diabetic wound healing.
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Figure 1: Antioxidant analysis by DPPH assay of oil and its extracts. The antioxidant activity of chloroform extract seems to be equivalent to
NAC {N-acetyl cysteine, followed by aqueous extract, hexanoic extract and ethanoic extract showing nearly same potency, then petroleum

ether extract is followed by our formulation, least in methanolic extract. The phytochemicals showed the highest antioxidant potency in
semi-polar to non-polar solvents and the sesame oil is thereby used as a carrier, targeting the generation of oxidative stress at wound site.

Isolation  and  characterisation  of  bioactive  com-
pounds

GCMS analyses allowed for the identification and

characterization  of  multiple  bioactive  compounds  present

in  the  polyherbal  formulation.  Some  of  these  compounds

have  been  previously  reported  to  exhibit  antioxidant,  anti-

inflammatory,  antimicrobial,  and  wound  healing  proper-

ties,  further supporting the observed biological activities of

the formulation.  The identification of these bioactive com-

pounds provides valuable insights into the potential  mech-

anisms underlying  the  therapeutic  effects  of  the  Ayurvedic

polyherbal formulation in diabetic wound healing.

Figure 2: GCMS Report
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Cell line analysis

Cell  proliferation  assay:  Dose  and  Time  dependent
assay

MTT  assay  using  for  effect  of  Formulationand

Kwath  (aqueous  extract)  on  normal  and  hyperglycaemic

cell proliferation. Cells were treated with varied concentra-

tion  of  Formulation  for  16hr.  Normal  and  hyperglycaemic

cell  proliferation was higher in 30µl Formulation (Fig.6) in

comparison to 150µl control. Examined the time course ef-

fect  of  30µl  Formulation  (Fig.8)  on  Normal  cell  prolifera-

tion result showed that 2 hr when exposure to 30µl formula-

tion and in hyperglycaemic cell examined time course effect

of 0.5µl,  1µl and 150µl of formulation result  showed that 4

hr caused a significant (p<0.05) inhibition in cell prolifera-

tion.

Figure 3: Cell proliferation assay (Dose Dependent) in Normal cell line. Cells were treated with varied concentration of oil. *p<0.05

Figure 4: Cell proliferation assay (Dose Dependent) in Hyperglycemic cell line. Cells were treated with varied concentration of oil.*p<0.05



8

JScholar Publishers J Biomed Eng Res 2023 | Vol 7: 101

Figure 5: Time dependent cell proliferation assay in Normal cell- 30µl (Orange) and hyperglycemic cell were treated with 0.5µl (Grey) and
1µl (Yellow). #p<0.1, *p<0.05

Cell oxidative stress analysis by ROS Assay

ROS  generation  using  DCFH-DA  in  Normal  cell

and hyperglycaemic cells that were treated with varied con-

centration of  Formulation (30µl,  0.5µl,  1µl)  for  2  hr  which

indicate less toxic effect to the cell.

Figure 6: ROS generation in m5s cell. Cells were treated with various doses of Formulation for 2 hr and analysed by confocal and fluores-
cence microscopy. Representative images for (A) is Control and it gives green color fluorescence (B) Cells treated with 30µl oil. Cells with in-
tracellular ROS are seen in less fluorescent. Control green colour compare to control. Intracellular ROS seen in more fluorescent compare to
control. The green fluorescence represents stressful condition that remains almost similar in case of Control while in case of cells treated with

oil, because of the potent antioxidant property, the ROS are scavenged. Hence the number of cell under stress is significantly less.
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Figure 7: ROS generation in hyperglycaemic cells was (A) Control it gives green color fluorescence (B) and (C) Cells were treated with formu-
lation (0.5µl, 1µl) showed less green fluorescence. (The green fluorescence represent stressful condition that remain almost similar in control

while in case of cells treated with oil, because of the potent antioxidant property, the ROS are scavenged. Hence the number of cells under
stress is significantly less

Cell Apoptosis and Necrosis analysis by Annexin V--
FITC Apoptosis detection (FACS)

The data obtained by flow cytometry assay shows

the treatment with formulation to the normal cell exhibited

% of live cells 94.70% which is almost same as control cells

95.03%. This suggest that the treatment with formulation is

not toxic to the normal cells. In contrast when the hypergly-

caemic  cells  were  treated  with  formulation,  the  results

showed % of live cells 75.93%, respectively which is signifi-

cantly less toxic compared to control 61.30%.

Figure 8: FACS performed in normal cells. A. The concentration of live cells in control is 95.03%, the cells undergoing pro-apoptosis are
3.73%. B. Cells treated with formulation are 94.7% showing similar result, the pro-apoptosis cell decrease to 3.17%
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Figure 9: FACS performed in hyperglycaemic cells. (A) The concentration of live cells in control is 61.3%, cells treated with 0.5 µl (B) & 1 µl
(C) formulation are 75.93% and 71.47% respectively. Under control condition the cells undergoing pro-apoptosis are 4.07%, while in 0.5 µl &

1 µl formulation treated cell decreases to 1.97% & 3.23% respectively

Phagocytosis Assay

Phagocytosis  assay  shows  the  treatment  with  for-

mulation  (0.5µl,  1µl)  on  macrophages  cultivated  high  glu-

cose α-DMEM media. cell compare to control the intensity

of fluorescence is high.

Figure 10: Phagocytosis activity in green fluorescence showed (A) control shows green fluorescence representing the phagocytic activity by
macrophage. (B) and (C) Macrophage were treated with formulation showed significant phagocytic activity at 0.5µl and 1µl concentration

In vitro Cell Migration Assay

In  vitro  cell  migration  assay  shows  that  formula-

tion accelerated cell migration in normal cell and hypergly-

caemic cell in 18 hr. Observation showed cell elongation of

dendrites in fibroblast and migration of border cells are in-

dicative of invasiveness. Thus, the formulation proves to be

effective for the cell migration and filling of gap was evident

both in normal as well as hyperglycaemic cells.

Cell migration Assay in Normal cell lines

Figure 11: Cell migration assay (A) At 0 hr control, no migration was observed, (B) At 18hr control, cell migration elongation of dendrites in
fibroblast and migration of border cells are indicative of invasiveness. (C) Formulation treated samples showed the significant migration of

cells was observed
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Cell migration Assay in Hyperglycemic cell lines

Figure 12: Cell Migration Assay in hyperglycaemic Cell (A) At 0 hr control, no migration was observed, (B) At 18hr control, cell migration
elongation of dendrites in fibroblast and migration of border cells are indicative of invasiveness. (C) and (D) When treated with different con-

centrations of formulation i.e. 0.5µl and 1µl, gap filling started via cell migration

Discussion

Phytochemical  composition  and  its  role  in  wound
healing

The phytochemical  composition of the Ayurvedic

polyherbal  formulation  is  rich  in  various  bioactive  con-

stituents,  such  as  alkaloids,  flavonoids,  tannins,  saponins,

and terpenoids.  These phytoconstituents have been report-

ed to possess  multiple  therapeutic  properties  that  can con-

tribute  to  the  wound  healing  process.  For  instance,

flavonoids and tannins are known for their antioxidant and

anti- inflammatory activities, which can help alleviate oxida-

tive stress  and inflammation in diabetic  wounds.  Alkaloids

and terpenoids have demonstrated antimicrobial properties,

which can assist in controlling wound infections. Collective-

ly, the presence of these bioactive constituents in the formu-

lation could play a crucial role in promoting diabetic wound

healing.

Biological  activity  and  potential  mechanisms  of  ac-
tion

The  Ayurvedic  polyherbal  formulation  exhibited

potent antioxidant, antimicrobial, and antibiofilm activities,

which can be attributed to the synergistic effects of its phyto-

chemical constituents. The antioxidant activity of the formu-

lation may help reduce oxidative stress in the wound envi-

ronment, thereby promoting the healing process.

4.4  Bioactive  compounds  and  their  contribution  to
the overall activity of the formulation

GCMS  analyses  identified  several  bioactive  com-

pounds present in the polyherbal formulation that may con-

tribute  to  its  therapeutic  effects.  These  compounds  have

been reported to possess antioxidant, anti-inflammatory, an-

timicrobial, and wound healing properties. The presence of

multiple  bioactive  compounds  in  the  formulation  suggests

that its therapeutic potential could be attributed to the com-

bined  and  synergistic  actions  of  these  constituents.  This

multi-targeted  approach  may  offer  a  more  comprehensive

and effective strategy for diabetic wound healing compared

to single-target therapies.

Conclusion

This study presents a comprehensive investigation

into  the  synthesis,  characterization,  and  evaluation  of  an

Ayurvedic polyherbal formulation for diabetic wound heal-

ing.  The  phytochemical  analysis  revealed  a  rich  composi-

tion of bioactive constituents, which contributed to the po-

tent antioxidant activity observed. The formulation's effica-

cy  in  diabetic  wound  healing  was  further  demonstrated

through the development of a topical ointment and its evalu-

ation in diabetic animal models.

The  identification  of  bioactive  compounds  via

GCMS  analyses  provided  valuable  insights  into  the  poten-

tial mechanisms underlying the therapeutic effects of the for-

mulation.  These  findings  suggest  that  the  Ayurvedic  poly-

herbal formulation could be a promising alternative for dia-

betic  wound  healing  management,  addressing  multiple  as-

pects  of  the  wound  healing  process  through  a  synergistic,
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multi-targeted approach.

Further  studies,  including  clinical  trials,  are  war-

ranted to validate the safety and efficacy of this formulation

in  human  subjects  and  to  explore  its  potential  as  a  viable

therapeutic  option  for  diabetic  wound  healing  in  clinical

practice.
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