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Hemigraphis alternata (Burm.f) T. Anderson, commonly called as Red Ivy or Purple waffle plant and locally, Murikootti 
(Malayalam), is well known traditionally for its therapeutic effect in wound healing. Besides the analytical and biochemical 
evidence, more investigations at molecular level is inevitable for highlighting the healing effect of the herbal drug. In the 
present study, we have demonstrated the wound healing effect of H. alternata by in vitro cell line and animal model 
experiments using the Hemigraphis alternata leaf extract (HALE). The cell survival ability, cell proliferation and migration 
of cells in scratch wounds leading to wound closure were evident from the data by HALE treatment. Based on the wound 
closure observed in scratch wounds, the marker genes of wound healing PAI-1 and TGF-β1were analyzed by qPCR. The 
concentration and the expression fold were determined in 3T3-L1 and L6 cell lines treated with HALE. The concentration of 
marker gene of wound healing PAI-1 and TGF-β1showed significant increase in cell line cultures of 3T3-L1 and L6 cells 
treated with different concentrations of HALE (P <0.05). Similarly, the expression fold of both the genes was found higher 
in cells treated with HALE than the control. The molecular data showing the concentration and the expression of marker 
genes during wound healing in scratch wounds provide strong support for using HALE as a herbal medicine with the 
anti-inflammatory property and the antioxidant activity.  

Keywords: Anti-inflammatory, Antioxidant activity, Murikootti, Plasminogen Activator Inhibitor 1, Purple waffle plant, 
Red Ivy, Traditional medicine, Transforming growth factor beta 1 

Bioactive compounds are secondary metabolites 
synthesized as products of biochemical side tracks in 
the plant cells with several pharmacological and 
toxicological effects in man and animals1,2. The 
search for natural remedies for wound management 
and healing has led to screening of plants including 
Acrtium lappa3,4, Aloe vera,5,6, Astragalus propinquus,7,8, 
Bauhinia variegata L.9, Calendula officinalis10, Celtis 
timorensis Span11, Juglans regia L.12, Verbascum 
inulifolium13, etc. as potential source of phytomedicine. 
Therapeutic potential of plant secondary metabolites 
remains as the main source of herbal medicine14. 
Hemigraphis alternata (Burm.f) T. Anderson (Fam. 
Acanthaceae), commonly called the Red Ivy or Purple 
waffle plant, and locally known as Murikootti 
(Malayalam), is a tropical herb used as a folklore 
medicine for wound healing traditionally15. Its 
aqueous leaf extract shows significant healing effect 

in fresh wounds, particularly in wound closure16. 
Despite the traditional knowledge of the medicinal 
effect of H. alternata, in depth scientific analysis at 
biochemical and molecular level focusing towards the 
mechanism of herbal action in wounds is still 
lacking17. The application of the aqueous leaf extract 
of H. alternata in fresh wounds exhibits a wonderful 
healing effect in wound closure18. In folk medicine, it 
is used to heal ulcers, to promote urination, to cure 
anemia, gall stones and diabetes and as a 
contraceptive19. 

Previous reports substantiate the wound healing 
property of H. alternata with analytical and 
phytochemical evidences16. With the presence of 
active components such as phenols, flavonoids, 
terpenoids, saponins, coumarins, carboxylic acid, 
cinnamic acid and tannins in H. alternata, which 
vouches for the wound healing property, the clinical 
acceptance of H. alternata leaf extract (HALE) in 
wound closure requires molecular evidence20. Healing 
of wounds is a well orchestrated process that involves 
several cellular and molecular events21,22. From the 
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earlier level of hemostasis and inflammation of the 
wound to the later stages of healing like angiogenesis, 
cell proliferation, regeneration and functional 
restoration, different growth factors and cytokines of 
the body systems are actively involved23,24. Hence, 
investigation on the involvement of these innate 
growth factors of the system during wound healing at 
molecular level may provide a new scientific outlook 
and thereby vindicate application of traditional herbal 
medicine. In the present study, we have made an 
attempt to determine the effect of Transforming 
Growth Factor beta 1 (TGF-β1) and Plasminogen 
Activator Inhibitor 1, (PAI-1) genes during healing 
process in scratch wound of cell line and in animal 
models under the treatment of HALE. An attempt was 
also made to understand the biochemical factors that 
trigger the healing process by HALE. 
 
Materials and Methods 
 

Collection of plant material 
Since Hemigraphis alternta is an ornamental plant 

of mesophytic habitat, we maintained a garden at our 
premises for the experimental purpose. The 
taxonomic status of the plant was authenticated by 
Botanical Survey of India (BSI) Coimbatore as 
Hemigraphis alternata (Burm.f.) T. Anderson, and a 
voucher specimen of the plant BSI/SRC/5/23/2016/ 
TECH/1554 were deposited. Fresh healthy and mature 
leaves of H. alternata were taken from the basal 
nodes of the plant was used for the study. 
 

Preparation of H. alternata leaf extracts (HALE) powder 
One kg of fresh tender leaf of H. alternata was 

surface sterilized by washing in tap water and rinsed 
with sterile water and ground in a waring blender with 
equal volume of RO water. The aqueous extract was 
filtered through a two layered cheese cloth and was 
centrifuged (Remi, India) at 10000 rpm for 10 min as 
the standardized conditions for efficient separation of 
residual particles. The supernatant obtained after the 
centrifugation was lyophilized by freeze-drying 
(VirTis Genesis, USA). The freeze dried powder was 
reconstituted (mg/mL) in sterile water. Two different 
concentrations of the reconstituted HALE (10 µg and 
100 µg) were used for the study. 
 

Biochemical evaluation of HALE 
 

Anti-inflammatory activity using HALE 
 

Human Red Blood Cells (HRBC) membrane stabilization assay 
RBC was separated from human blood using the 

standard procedure and suspended in 10% normal 
saline solution25. The reaction mixture (3 mL) consists 

of 1.5 mL aqueous solution containing 100 µg HALE, 
1.5 mL of 10% RBCs suspension. Saline was added to 
the control tubes as blank. Aspirin was used as a 
standard drug (250 μg/µL) instead of test sample as 
positive control26,27. The reaction mixture was 
incubated in water bath at 56C for 30 min. At the end 
of the incubation, the tubes were cooled under 
running tap water. The cooled mixture was 
centrifuged at 3200 rpm for 5 min and the absorbance 
of the supernatants was taken at 560 nm. The 
experiment was performed in triplicates for all the test 
samples, and percentage inhibition of hemolysis was 
calculated using OD values. 
 

Inhibition of albumin denaturation 
The anti-inflammatory activity of the HALE was 

studied using inhibition of albumin denaturation 
technique28. The reaction mixture consists of 50 µL 
HALE extract (100 µg) µL) and 5% aqueous solution 
of bovine albumin fraction (450 µL). The pH of the 
reaction mixture was adjusted to 6.3 using 1N HCl. 
The mixture was incubated at 37C for 20 min and 
heated at 57C for 30 min. After cooling, 2.5 mL 
phosphate buffer saline (pH 6.3) was added to the 
sample, the absorbance was measured spectro-
photometrically (ELICO, India) at 660 nm. The 
experiment was performed in triplicates with the drug 
aspirin (250 µg/µL) as control29. The Percentage 
inhibition of protein denaturation was calculated as 
 

Percentage inhibition = A control– A sample / A control X 100 
 

Proteinase inhibition 
About 3 mL reaction mixture was prepared with a 

composition of 2 mL 25 mM Tris-HCl buffer (pH 7.4) 
with the enzyme trypsin (0.06 mg) and 1.0 mL HALE 
sample. The mixture was kept at 37C for 5 min and 
l.0 mL of 0.8% (w/v) casein was added as substrate. 
The total mixture was incubated for 20 min at 37C 
and 2 mL of 70% perchloric acid was added to arrest 
the reaction. After incubation, the suspension was 
centrifuged and the absorbance of the supernatant was 
read spectrophotometrically at 210 nm against buffer 
as blank30. For the positive control, 1.0 mL aspirin 
(250 μg/µL) was taken instead of HALE extract. The 
percentage inhibition of proteinase activity was 
calculated from the absorbance value. 
 

Antioxidant test 

DPPH free radical scavenging assay 
The free radical scavenging activity was tested as 

per the protocol31. The reaction mixture contained 50 
µL of HALE (100 µg) extract, 1.5 mL DPPH reagent 
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(1.0 mM) and 1.5 mL of 80% methanol. The mixture 
was incubated in dark for 30 min and the absorbance 
was read at 517 nm. The scavenging potency was 
measured from the OD value31. 
 

Nitric oxide free radical scavenging assay 
Aqueous HALE extract (mg/mL) was prepared and 

the final volume was made up to 10 mL. One mL 
above extract containing 100 µg was taken along with 
1.0 mL (100 mM) sodium nitro prusside (SNP). The 
mixture was incubated for 2.5 h at room temperature 
(25C), added with 1.0 mL of Griess reagent and the 
OD was measured at 540 nm32 and calculated as 
 

Percentage of Scavenging = Acontrol- A sample/A control X100 
 

In vitro cell line cultures 
 

Establishment of cell line cultures 3T3-L1 and L6 cells 
Mouse 3T3-L1 fibroblasts cells and Rat L6 pre-

myoblast cells were procured from cell repository of 
National Centre for Cell Science (NCCS), Pune. The 
cells were cultured in Dulbecco’s modified Eagle’s 
medium (Himedia, Mumbai) supplemented with  
100 U/mL of penicillin, 100 µg/mL of streptomycin, 
250 ng/mL amphotericin B and 10% heat-inactivated 
FBS (PAN Biotech). Cultures were maintained in a 
humidified atmosphere with 5% CO2 at 37C. The 
cells were seeded at a density of approximately 2×103 

cells/mL for experiments. 
 

Scratch wound assay 
The 3T3-L1 fibroblast cells and Rat L6 pre-

myoblast cells were seeded onto 6-well culture plates 
for scratch wound assay. Cell cultures were incubated 
overnight at 37C and 5% CO2. The cells grown in 
uniform monolayers were scratched with a sterile  
200 µL tip. The wounded cells were rinsed thrice with 
filter sterile PBS of pH 7.2 to remove the detached 
cells33,34. The wounded cells were incubated with  
1.9 mL of serum free medium containing DMEM 
with 1% antibiotic and antimycotic solution. The 
wounded monolayers were treated with two different 
concentrations of HALE (10 and 100 µg). Sterile 
water was added in untreated control wounds. The 
experiment was done in duplicate wells for each trial. 
The wound closure was monitored for 24 h using 
inverted phase contrast microscope (Lynx, 
Lawrence& Mayo, India) equipped with camera and 
measured using software View 7 version 7.1.1.6. 
 

Cell viability assay 
The effect of the HALE on cell viability was 

assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide (MTT) assay following the 
method35. Percentage of viable cells at particular 
concentrations of extract was calculated by using the 
following formula: Viability (%) = (AT /AC) × 100 
where the AT and AC are the absorbance of treated 
and control cultures, respectively at 470 nm. 
 

qPCR assay of molecular marker genes 
 

Absolute quantification of PAI-1 and TGF-β 1 gene in cell lines 
Gene specific oligonucleotide primers for PAI-1 

gene of rat (NM_012620) and TGF-β1 gene of mouse 
(NM_011577.2) were designed using Vector NTI 
(Invitrogen) and synthesized at Sigma-Aldrich, 
Bangalore. The wounded cell lines both 3T3-L1 
mouse fibroblast monolayers and L6 rat pre-myoblast 
monolayers were treated with HALE extracts for 24 h, 
along with the untreated cells as the control. Total 
RNA was isolated using TRI-reagent (Sigma, 
Bangalore)36. About 4 μg of total RNA was 
transcribed to cDNA using 100 ng Poly T primers 
(Fermentas, Canada). cDNA amplification was 
carried out in a total volume of 20 µL in the presence 
of 2 pM each of the forward primer (5'-TCAGCCCTCA 
CTTGCC TCAC-3') and reverse primer (5'-ATAGCC 
AGCACCGAGGACAC-3') of rat origin Plasminogen 
Activator Inhibitor 1 (PAI-1) and 2pM each of the 
forward primer (5'-CTGCTGGCA GTATCCAG 
GGCTCTCCG-3') and reverse primer (5'-GGTGGG 
GTCTCCCAAGGAAAGGTA-3') of mouse origin for 
Transforming growth factor Beta 1 (TGF-β1) using 
RNA isolated form cell cultures. The PCR assay for 
amplification of PAI-1 and TGF-β1 gene were 
standardized at following cycling condition 94C for  
4 min followed by 34 cycles of 94C for 1.0 min, 
60C for 30 s and 72C for 45 s, with a final extension 
of 72C for 10 min and held at 4C. The real time 
PCR amplification of PAI-1 and TGF-β1 and gene 
was run separately on a Realplex instrument with 
Realplex 1.5 software (Eppendorf, Germany) and the 
threshold cycle (CT) was determined using the 
software. All the PCR runs were performed in 
triplicate and each reaction mixture was prepared 
using 2X SYBER mix (ABI) in a total volume 20 µL 
containing 50 ng of template cDNA, 2 pM sense and 
antisense primer and 1X SYBER Green. The reaction 
was set for 40 cycles with the conditions: initial 
denaturation 95C for 10 min, denaturation 95C for 
15 s, annealing 62C for 15 s and elongation 72C for 
45 s. After completion of cycling process, samples 
were subjected for melting analysis by following 
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conditions as 95C for 15 s, 60C for 15 s and 95C 
for 15 s. Tenfold serial dilution series of the gene 
PAI-1 and TGF-β1 ranging from 50 ng to 0.05 ng 
reactions was carried out to construct the standard 
curve31. The CT value was plotted against the 
logarithm of their initial template copy concentration. 
The efficiency curve was generated by a linear 
regression of the plotted points. From the slope of the 
curve, the PCR efficiency (E) was calculated according 
to the following equation: E= 10[(-(-1)/slope)] -1. 
 

Relative quantification of PAI-1and TGF- β1gene in cell lines 
The relative quantification of PAI-1 and TGF-β1 

gene and their expression in HALE treated samples 
were determined using 2-ΔΔCT method36,37. All 
samples in triplicate were run in a single reaction. The 
primers taken for the qPCR were same as that used 
for the absolute quantification of the genes. The real 
time PCR amplification was run on a Realplex 
instrument with Realplex 1.5 software (Eppendorf, 
Germany) and the threshold cycle (CT) was 
determined using the software. The wounded 3T3-L1 
mouse fibroblast monolayers and L6 rat myoblast 
monolayers were treated with HALE extracts for 24 h, 
along with the untreated cells as the control. Total 
RNA was isolated using TRI-reagent (Sigma, 
Bangalore). About 4 μg of total RNA was transcribed 
to cDNA using 100 ng Poly T primers (Fermentas, 
Canada). cDNA amplification was carried out in a 
total volume of 20 µL in the presence of 2 pM sense and 
antisense primers. The PCR assay was standardized at 
following cycling condition 94C for 4 min followed 
by 34 cycles of 94C for 1.0 min, 60C for 30 s and 
72C for 45 s and a final extension of 72C for 10 min 
and held at 4C for amplifying the partial PAI-1 gene 
and TGF-β1 gene. The reaction mix for the 
amplification of the house keeping gene actin 
included 50 ng cDNA, 2 pM primer mix each of the 
forward primer (5'GTCCCTCACCCTC CCAA AAG-
3') and reverse primer (5'-GCTGCCTCAACA CCTCAA 
CCC-3') of Actin gene were used. 8 µL PCR grade 
water and 1X SYBER Green (ABI) in a total volume 
20 µL. The reaction was set for 40 cycles with the 
conditions: initial denaturation 95C 10 min, 
denaturation 95C for 15 s, annealing 62C for 15 s 
and elongation 72ºC for 45 s. After completion of 
cycling process, samples were subjected for melting 
analysis by following conditions as 95C 15 s, 60C 
for 15 s and 95C for 15 s. The PCR reaction was 
carried out in triplicate for each gene. At the end of 

PCR, the melting curve application was run to 
determine the presences of any primer –dimer 
artifacts or co-amplified nonspecific product. In order 
to omit the sampling differences such as RNA quality, 
normalization was carried out with housekeeping 
actin gene. 
 

Estimation of amplification efficiency 
The standard curve was constructed based on the 

procedure38. Tenfold serial dilution series of cDNA 
with PAI-1 and TGF-β1 gene specific primers ranging 
from 50 to 3.125 ng reaction was used to construct the 
standard curve for TGF-β1 gene and PAI-1 gene. For 
the generation of standard curve for the housekeeping 
gene, actin five different concentrations of the first 
strand cDNA were used. PCR efficiency (E) was 
calculated according to the equation E= 10[(-(-
1)/slope)] -1. Relative quantitative PCR reactions 
were performed whereby amplification of PAI-1 gene 
and TGF-β1 gene was normalized with housekeeping 
actin gene. The relative expression was level of TGF-
β1 gene and PAI-1 gene in HALE treated was 
measured by taking untreated control samples as the 
calibrator. 
 

Animal model studies 
 

Efficacy of HALE in rat excision wound model 
The wound model studies were done at Central 

Animal Facility, Karnataka College of Pharmacy, 
Bangalore. Female Wistar rats (200-250 g) used for 
the study was procured from NIMHANS Bangalore, 
Karnataka. Ethical clearance for performing the 
experiments on animals was obtained from the 
Institutional Animal Ethics Committee (IAEC). The 
animals were acclimatized for ten days under 
laboratory conditions and maintained at 27±2C with 
a relative humidity of 65±7.5% under 12 h light/dark 
cycle. The animals were fed with rodent pellet diet 
(Gold Mohur Lipton India Ltd.) and water ad libitum. 
The animals were grouped in to three categories: Gr. 
I, the untreated control; Gr. II, standard drug 
soframycin treated; and Gr. III, HALE treated. The 
animals were anaesthetized prior to and during 
creation of wounds. Excision wounds were inflicted 
by cutting away 500 mm2 full thicknesses along the 
marking on the depilated back 5 cm away from the 
ears. Animals in Gr. I were not given any treatment. 
Gr. II animal wounds were treated with 2% w/v 
soframycin (Himedia, India) and for Gr. III, the 
wounds were treated with HLAE (100 µg/1 mL) dose 
for 10 days. The wounded area was left undressed and 
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exposed to its environment. The degree of wound 
closure was studied and measured on 4th day and 10th 
day. Histological analysis was done to analyze the 
newly formed epidermis layer, collagen content, 
period of re-epithelization and inflammatory changes 
that occurred during the early post wound period, 
confirmed the depth of wounds and examined the 
pathological changes and the rate of recovery. 
 

Statistical analysis 
All the experiments were done in triplicate 

reactions. The whole data was statistically evaluated 
for determining the mean, standard deviation and the 
standard error. The results of the excision wound 
model are expressed as mean ± S.D from n=6 rats in 
each group. The significance of difference among the 
groups was assessed using one-way analysis of 
variance (ANOVA) followed by Tukey’s test 
compared between normal control (Untreated) vs. all 
groups P <0.05 were considered significant. 
 
Results  
Anti-inflammatory effect of HALE 

The anti-inflammatory property of HALE was 
analyzed by three means— HRBC membrane 
stabilization, albumin denaturation, and inhibition of 
protein denaturation. Under the treatment of HALE with 
human RBC (HRBC) showed the suppression of 
hemolysis i.e. the rupture of RBC cells or erythrocytes. 
Table 1 shows the percentage of inhibition of hemolysis 
of RBC by the effect of HALE compared with the 
control drug aspirin. The inhibitory effect of HALE in 
rupturing the erythrocytes is evident from the data 
indicating its effect in keeping the stability of RBC 
membrane. Since the activation of wound inflammation 
has a coordination with the denaturation of protein 
especially albumin, the inhibitory effect of albumin 
denaturation and proteinase was estimated 
colorimetrically using HALE. The data showed high 
percentage of inhibiting albumin denaturation in the 
presence of HALE similar to the effect of the standard 
drug (Table 1). The inhibition of proteinase, the key 
enzyme of protein denaturation was also measured by 

using trypsin as enzyme in presence of HALE 
(Table 1). 
 

Antioxidant activity 
The antioxidant activity of HALE was evaluated by 

DPPH and NOX free radical scavenging assay. Both the 
assay value exhibits the scavenging potency at the level 
of 35% and 65% for NOX and DPPH respectively. 
Table 1 displays the free radical scavenging potential of 
HALE using DPPH and NOX. The nitric oxide 
generated from SNP reacts with oxygen to form nitrite. 
As an anti-oxidant, HALE donate protons to the nitrite 
radical and a decrease in OD value was observed. The 
decreased absorbance was taken to measure the nitrite 
radical scavenging potency.  
 

Cell viability 
The effect of HALE in inducing viability and 

proliferation of cells was estimated by MTT assay using 
cell line cultures of 3T3-L1 and L6 cells. Under the 
treatment of HALE, both the cells showed a higher 
percentage of cell survival ability 97% in 3T3L1 and 
95% in L6, respectively) indicating the level of active 
proliferation of cells. 
 

In vitro scratch wound closure by HALE 
The effect of HALE was examined in scratch 

wounds created in cell culture monolayers of 3T3-L1 
fibroblast and L6 pre-myoblast cells. The detached 
cells were removed from the scratch area and the 
wounds were made intact prior to the treatment of 
HALE. The wounded monolayers were treated with 
lower (10 µg) and higher concentration of HALE  
(100 µg) and incubated. The histomorphological 
changes of the wound were monitored for two days 
and documented under phase contrast microscope. An 
active tendency of cell proliferation and migration of 
cells was observed in the scratch wounds treated with 
HALE leading to the closure of wounds. An 
increasing phase of cell migration and wound closure 
was seen in scratch wounds treated with higher 
concentration of HALE (Fig. 1). The untreated 
wounds i.e. without HALE, the cell migration 
occurred in a very slow pace (Fig. 2).  
 

qPCR data of wound healing marker genes 
Total RNA was isolated for scratch wound cells 

treated with HALE and from untreated wound cells of 
3T3-L1 and L6 cell lines. Fig. 3A demonstrates the 
RNA isolated from the cells both test and control. The 
presence of two discrete bands as 28S rRNA and 18S 
rRNA indicates the purity of RNA. Aliquot of RNA 
from both the cell lines were subjected to cDNA 
synthesis using Poly T primers and cDNA was used 

Table 1 — Anti-inflammatory and antioxidant activity  
using HALE 

 Cont. (aspirin 
100 µg) (%) 

HALE 
100 (µg) (%) 

Inhibition of hemolysis 60.945±0.947 34.975±0.708 
Inhibition of albumin denaturation 96.92± 0.536 91±3.33 
Inhibition of proteinase activity 33.4±0.432 21.5±0.543 
Scavenging of DPPH  65.90±6.432 
Scavenging of NOX  39±0.449 
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for the amplification of PAI-1 and TGF-β1 gene 
fragments, using the designed primers and quantified 
by qPCR. In the case of PAI-1 gene, a fragment of 
191 bp was amplified for qPCR from the scratch 
wound model of cells (Fig. 3B). Similarly, a fragment 
size of 180 bp was amplified for TGF-β1 gene from 
both the cell lines (Fig. 3C). 
 

Gene concentration of PAI-1 and TGF-β1 in 3T3-L1 and L6 cells 
The concentration of marker genes PAI-1 and 

TGF-β1 was determined by absolute quantification 
using the standard curve of the purified gene 
fragments at the concentration range of 50-0.05 ng. 
The curve was highly linear R2 ^ 0 in the range tested 
by triplicate reaction. The slope of the curve was 
3.237 and the amplification efficiency was 
determined form the slope as 1.04 for the PAI-1 gene, 
whereas the slope of the curve and the amplification 
efficiency was 3.264 and 1.02 for TGF-β1 (Fig. 4 A 
& B). With respect to the standard curve of the 

marker gene, concentration of PAI-1 and TGF-β1 was 
calculated. Fig. 5 A & B demonstrates the 
concentration of PAI-1 and TGF-β1 genes in cell line 
cultures treated with HALE at 10 µg and 100 µg. It is 
obvious from the assay data that the concentration of 
PAI-1 and TGF-β1 genes was more in HALE treated 
cells than the control untreated cells. Both the genes 
showed 2 to 3 fold increase by the effect of HALE 
indicating the functional role of PAI-1 and TGF-β1 
genes in wound closure. Moreover, the concentration 
was found higher in treated cells with 100 µg HALE 
than 10 µg. 
 

Expression fold of PAI-1 and TGF-β1 genes 
Based on the variations observed in the gene 

concentration of PAI-1 and TGF-β1 related to the 
treatment of HALE in scratch wounds, the expression 
fold of both the genes was measured in cell line 
cultures treated with HALE. Relative quantification of 
the gene was done by qPCR using mouse Actin as the 
house keeping gene. A gene fragment of 180 bp was 
amplified (Fig. 6A). The expression fold of PAI-1 and 
TGF-β1 was calculated by normalizing with the house 
keeping gene actin using Realplex software. Fig. 6 B 
& C demonstrates the expression fold of PAI 1 and 
TGF-β1 in HALE treated wound cells. A clear 
demarcation was seen in the expression level of PAI-1 
and TGF-β1 in HALE treated cells under lower  
(10 µg) and higher concentration (100 µg). The 
increased expression level of PAI-1 and TGF-β1 at 
higher concentration of HALE clearly matches with 
concentration of both the genes.  
 
Effect of HALE in rat wound models 

In the light of the biochemical and molecular data, on 
the effect of HALE in in vitro wound models, the 
study was extended to animal model  using  female 

 

Fig. 1 — Wound healing of L6 myoblast cells after treatment with
aqueous HALE extracts of Hemigraphis alternata. (A) 0 h;
(B) 24 h of 10 µg; and (C) 24 h of 100 µg concentration. 
 

 

Fig. 2 — Control L6 cells after scratch wound. (A) 0 h; and (B) 24 h. 
 

 

Fig. 3 — (A) RNA isolated from 3T3-L1 and L6 cell lines. Lane 1
and 2 control, lane 3and 4 HALE treated RNA from 3T3-L1, lane
4 and 6 HALE treated RNA from L6 cell lines; (B) PCR
amplification of wound healing marker genes. a. Plasminogen
Activator Inhibitor 1 (PAI-1) gene (191 bp) and from L6
myoblast. Lanes - 1: 12 Kb Molecular ladder, Lane 2: PAI-1 gene
(191 bp); and (C) Transforming Growth factor β 1 gene (TGF-β1)
gene (180 bp) from 3T3-L1 cells. Lanes - 1: 100 bp Molecular
ladder, Lane 2: TGF-β1 gene (180 bp). 

 
 

Fig. 4 — (A)  Standard curve of PAI-1 gene using PCR eluted 
PAI-1 products; and (B) Standard of TGF- β1 gene (180 bp). 
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Wister rats. The study was done in three groups of 
animals- normal HALE treated group and soframycin 
treated. Fig. 7 displays the effect of wound closure in 
excision wounds treated with HALE. A moderate 
level of wound closure was observed in HALE treated 
tissue compared to the standard drug soframycin 

 (Fig. 7 A & B). Soframycin treated wounds exhibited 
maximum healing effect (Fig. 7 C & D). The active 
phase of wound closure for HALE treated showed 
50% wound closure and the standard drug soframycin 
showed 70% closure of wounds. Histopathological 
analysis of the sacrificed animals provides strong 
indication of active wound contraction and 
epithelization of HALE treated wounds similar to the 
drug soframycin treated group. In wounds treated 
with HALE, epithelium formation was complete with 
more number of blood vessels and connective tissue 
than the untreated control (Fig. 8 A-C). A similar 
trend was seen in soframycin treated wound 
indicating the therapeutic effect of HALE as a wound 
healing drug. In control group, the wound contraction 
and epithelization was found in a slow pace. 
 
Discussion 

The pharmaceutical acceptance of the therapeutic 
property of folk medicines using modern analytical 
methods has become a research trend today for the 
development of herbal drugs. The data of the present 
study demonstrates the wound healing effect of the 
medicinal herb Hemigraphis alternata at biochemical 
and molecular level. Naturally in wounds, the 
inflammation was initiated by hemolysis of RBC 
membrane, thereby releasing the content in blood 
plasma. It was noticed that H. alternata leaf extract  

 

Fig. 5 — (A) Concentration of PAI-1 gene transcripts in cell line
cultures treated with HALE at two concentrations of 10 μg/µL and
100 μg/µL; and (B) Concentration of TGF-β1 gene transcripts in
cell line cultures treated with HALE in two concentrations of
10 μg and 100 μg. 

 

Fig. 6 — (A) PCR amplification of housekeeping gene Actin
(180 bp) from cell lines. Lanes - 1: 100 bp Molecular ladder,
 Lane 2: Actin gene (180 bp); (B) Expression fold of PAI-1 gene 
transcript in cell line cultures treated HALE in concentrations of
10 μg/ µL and 100 μg/µL; and (C) Expression fold of TGF-β1 
gene transcript in cell line cultures treated with HALE in
concentration of 10 μg/ µL and 100 μg/µL. 
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Fig. 7 — Rat wound closure on 4th and 10th day (A & B) in standard drug soframycin treated control group; and (C & D) in HALE extract 
treated group. 
 

 
 

Fig. 8 — Histopathological studies on wound contraction and epithelization in excision rat wound model. (A) HALE extract treated  
(100 µg/1 mL) dose/10 days; (B) soframycin treated; and (C) Untreated control 
 

(HALE) suppressed hemolysis by rupturing the RBC 
membrane supporting the anti-inflammatory property 
of HALE. Moreover, the ability of HALE to inhibit 
denaturation of albumin further supports its anti-
inflammatory activity. The positive effect of HALE in 
proteinase inhibition reveals its capacity in preventing 
the denaturation of the protein which is essential for 
suppressing the infection. Thus, the stable nature of 
RBC membrane, inhibition of albumin denaturation 
and the inhibition of proteinase activity in the 
presence of HALE confirms the anti-inflammatory 
activity. Anti- oxidants normally help to control 
wound oxidative stress and there by accelerates 
wound healing39,40. Since molecular oxygen has a 
pertinent role in the therapy of wounds, the 
production of free radicals and other ROS by 
oxidation results in creating cytological effect for 
delayed wound healing41. Here, the presence of H. 
alternata leaf extract has induced the scavenging of 
free radicals and other ROS like H2O2 from the 
wound environment. Plants have several compounds 
with strong anti-oxidant activity that capture and 
neutralize free radicals42. In the case of molecular 
data, the active phase of proliferation and migration of 
cells during MTT assay using HALE showed the 
nontoxic nature of HALE. The triggering effect of 
HALE in healing the scratch wounds by cell 
multiplication and migration was evident from the in 

vitro cell line culture. Since the wound closure 
observed in scratch wound models indicates the 
healing effect by the treatment of HALE, the study 
was extended for determining the expression and 
concentration of marker genes of wound healing PAI-
1 and TGF-β1 in cell line cultures treated with HALE. 
Subsequent to the cell migration and proliferation 
observed in the scratch wounds treated with HALE 
leading to wound closure, the concentration PAI-1 
and TGF-β1 gene involved in wound healing was 
determined in the cells of the scratch wounds treated 
with HALE by absolute quantification assay using 
qPCR. This is for detecting the healing effect of 
HALE involved in wound closure at molecular level. 
A correlation was observed between the concentration 
and the expression level of both genes in HALE 
treated cells towards wound healing. As the marker 
gene of wound healing, it is well established that the 
TGF-β1 has many cellular responses like  
re-epithelization a prominent phase of wound healing 
process43,44. TGF-β1 is also seen to have efficient 
activity in process of angiogenesis, proliferation and 
production of extra cellular matrix during healing45,46. 
Similarly, the potential role of PAI-1, the serine 
protease inhibitor in suppressing the conversion of 
plasminogen activator (PA) to active plasmin which 
in turn activates fibrolysis and extracellular 
remodeling during wound healing47,48. PAI 1 is also 
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involved in cutaneous wound healing49,50. The qPCR 
data of absolute and relative quantification of PAI-1 
and TGF-β1 showed the concentration and the 
expression fold of both the genes and it clearly 
indicates the molecular evidence of wound healing 
effect of HALE. Along with the in vitro cell line data, 
animal model experiments using HALE in excision 
wound model in rats have provided enough evidence 
of epithelialization, formation of blood vessels and 
connective tissues. Thus the biochemical and 
molecular results obviously confirm the healing 
efficacy of the medicinal herb Hemigraphis alternata 
and the data highlights the therapeutic merits of the 
plant beyond the level of a folk medicine. 
 
Conclusion 

The usage of folk medicines for curing human 
diseases has increased their market value in herbal 
industry. As a traditional medicine, the leaf extract of 
Hemigraphis alternata has been used for wound healing 
for decades. But the absence of proper scientific 
evidence for revealing the drug action of herbal 
medicine diminishes its wider acceptance in clinical 
therapy. Results of the present study at the molecular 
level substantiate the wound healing effect of H. 
alternata. The cell line data substantiates the drug action 
if H. alternata at molecular level in scratch wounds. The 
expression of the marker gene PAI1 and TGF-β1 
quantified by qPCR highlights healing effect of H. 
alternata. Being a fast growing herb, it would be 
possible for exploiting the wound healing property of H. 
alternate for developing a herbal ointment in modern 
medicine. Hence further studies are warranted for 
developing a cost effective healing drug from this herb.  
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