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Abstract

Background: Dorema aucheri gum (DAG) is a bitter flavonoid gum widely used for

numerous medicinal purposes including wound recovery. The present work investi-

gates the acute toxicity and wound-healing effects of DAG in excisional skin injury in

rats.

Materials and methods: Sprague Dawley rats (24) were clustered into four groups,

each rat had a full-thickness excisional dorsal neck injury (2.00 cm) and addressedwith

0.2 mL of the following treatments for 15 days: Group A (vehicle), rats addressed with

normal saline; Group B, rats received intrasite gel; C and D, rats addressed with 250

and 500mg/kg of DAG, respectively.

Results: The results revealed the absence of any toxic signs in rats who received oral

dosages of 2 and 5 g/kg of DAG.Wound healingwas significantly accelerated following

DAG treatments indicated by smaller open areas and higher wound contraction per-

centages compared to vehicle rats. Histological evaluation revealed higher fibroblast

formation, collagen deposition, and noticeably lower inflammatory cell infiltration in
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granulated skin tissues of DAG-addressed rats compared to vehicle rats. DAG treat-

ment caused significant modulation of immunohistochemical proteins (decreased Bax

and increased HSP 70) and inflammatory mediators (reduced TNF-α, IL-6, and magni-

fied IL-10), whichwere significantly varied compared to vehicle rats. Moreover, topical

DAG treatment led to significant upregulation of the hydroxyproline (HDX) (collagen)

and antioxidant content. At the same time, decreased the lipid peroxidation (MDA)

levels in healed tissues obtained fromDAG-treated rats.

Conclusion: The present wound contraction by DAG might be linked with the

modulatory effect of its phytochemicals (polysaccharides, flavonoids, and phenolic)

on the cellular mechanisms, which justify their folkloric use and provokes further

investigation as therapeutic drug additives for wound contraction.
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1 INTRODUCTION

The human body is composed of various organs and skin is con-

sidered the largest one that constitutes a protective layer over the

surface of our body. Skin is an immunological barrier that has numer-

ous physiological and immunological functions including prevention

of microbial penetration, lubrication, protection against ultraviolet

light, fortifies mechanical pressure, vitamin production, pigmentation,

preserves water and electrolytes in the normal range (regulates evap-

otranspiration), septicity, and sustains body temperature.1 Human skin

is composed of a complex structure made of an outer epidermal layer,

middle dermal layer, and inner hypodermis layer containing subcuta-

neous tissues, along with appendages (hair follicles), sebaceous and

sweat glands. The skin is increasingly vulnerable to various environ-

mental objects that may cause skin injury, including burns, surgical

incisions, and autoimmune defects, and trauma, which subsequently

lead to chronic wounds or sever scars that may have serious conse-

quences including psychological problems or even death.2 The U.S.

statistical data revealed that annual skin healthcare costs reaches

∼$50, 12$, and $7.5 billion for chronic wounds, scars, and burns,

respectively.While in China, cost for chronicwound treatment is about

$8010 per capita in 2018.3

Skin wounds are an outcome of histological disruption of the skin

tissues as a result of environmental or non-environmental factors or

dysfunctionality in a particular skin layer, subsequently causing tissue

irregularities. The wound’s existence allows the penetration of various

pathogenic molecules and microbes to enter the body and stimulate

various immunological and inflammatory responses.3 Microbial skin

penetration can generate a local infection (inflammatory skin) or a

systematic infection (septicemia), which becomes a serious risk factor

for a deleterious health problem. Therefore, continuous search is cru-

cial for finding a new effective method of wound management, which

includes stopping bleeding, avoiding microbial infection, and facilitat-

ing thewound healing processwithout any side effects or deformities.4

Nowadays, the pharmaceutical industry provides numerous wound

treatments for various wounds (acute and chronic), including plasma,

gene, growth factors, and cell therapies, which chemical synthetics

comprise only 1%–3%ofWesternPharmacopoeia in contrast to almost

30% of plant-derived compounds used for wound management.5 Nat-

ural products can exhibit significant healing potential in contracting

various skin wounds and shorten periods required for the wound clo-

sure due to their physiological effects on various cellular processes

associated with a faster wound contraction.6,7

Plants and their chemical products could become safe, inexpen-

sive, and effective alternatives for acceleration of wound-healing

due to their positive modulation of angiogenesis, collagen deposi-

tion, leukocyte infiltration, and the proliferation of epithelial cells.8

Plant extracts have been prepared in different routes and used as

traditional medicine for treating various wounds among nations.9,10

Therefore, researchers extensively analyzed different plant extracts

for their wound-contracting potentials.Dorema aucheri Boiss, as a folk-

loric herb, has been mentioned as ethnobotanical plant medicine for

wound healing by numerous scientists surveying in Iraq, Iran, and

Turkey.11–14

Dorema aucheri Boiss (Apiaceae family) is an endemic plant species

and perennial plant that reaches a rosette stage for 3–4 years

with one flowering stage.15 D. ahcheri are well distributed in the

Hawraman region, southeast of Kurdistan (Iraqi Kurdistan), including

areas, Tawella, Byara, Ahmadhawa (645 m a.s.l.), Ababayle, Eneb, and

Hawar. The aerial parts ofBana (local name) boiled in soupor fried after

boiling give an aromatic odor and a vague taste, whichwere utilized for

various health purposes.11 The gums (“gum ammoniac”) of Bilhar and

Kaal (local name in southern regions of Iran) are collected from fresh

stems (tear-form), which is white fluid becomes yellow viscous once

exposed to air (average per plant 60 g); shoot incision, crushing of fresh

stem before or during a thesis by a sharp knife to induce gum produc-

tion, and collecting them a few days later (average per plant 100 g);

shoot tapping, performed on thick root plants in which the leaves are
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bent down and fixed on the ground by big rocks to prevent uprising

of the gum and enhancing its buildup in the roots and then a few days

later (3–4 days), top of roots were cut and gum was collected (average

per plant 200 g).16 The fresh paste or boiled gum of D. ahcheri is uti-

lized as traditional therapy for asthma, expectorants, parasites of the

digestive system, constipation, burn healing, and bronchitis.17 More-

over, gums have been also utilized as anti-spasmodic, expectorants.18

People in Kerman province, Iran, have applied D. ahcheri gums (local

name: Eshterk, Shotork, Oshtork) as a poultice for treating skin cracks,

dried powder of gum were hammered, heated until became liquid, and

applied on the skin wound for 3–4 days.16

Ammoniac gum exudates from stems of D. aucheri Bois, have

shown numerous phytochemical compounds, including Cuparene, β-
Funebrene, α-Humulene, Barbatene, Germacrene D, Z-Ocimenone,

Bisabolene, Amorpha-4,11-diene, and other chemicals belonging to

phenolic, flavonoid classes.19 The extracts from leaves, stems, and

roots of Dorema aucheri Boiss showed significant antioxidant and

antimicrobial potentials, which were linked with its chemical profiles,

phenolic, flavonoid, caffeicacid, anthocyanin, carotenoid, chlorogenic

acid, p-coumaric acid, soluble sugar, and gallicacid.20,21 Phytochemi-

cal analysis by GC-MS technique revealed β-caryophyllene, cuparene,
thymol, β-gurjunene, and carvacrol as major constituents of D. aucheri

essential oils.22 Moreover, α-Eudesmol (31.2%) and δ-cadinene (10.9%)
were most abundant components of volatile oils obtained from

D. aucheri.23 The D. aucheri Boiss extracts (200 and 400 mg/kg)

present significant anti-cancer potentials in DMBA-mediated breast

tumors in rats, which were mainly linked with its flavonoid contents,

mainly neptetine.24 Moreover, phenolic content of aerial parts of D.

aucheri Boiss extracts was mainly linked with its significant cytotoxic

actions against numerous human cancer (breast, colorectal, breast,

lung, and human cervical) cells. 25

Despite numerous in vitro and in vivo literature, a conceived investi-

gation to validate the safety and evaluate thewound healing potentials

of ammoniac gum is absent, here, the present work designed to deter-

mine thewound healing actions of DAGon the dorsal neck-injured rats

by histopathological, immunohistochemically, and biochemical assays.

2 MATERIAL AND METHODS

2.1 Ethic approval

The laboratory protocols regarding rats were based on the National

scientific instructions for animal use.26 The present animal study

approved by the ethical committee of Applied Science College, Tishk

international University (No.45, 22/01/2023).

2.2 Chemicals

Ammnoic gum was bought commercially from a Qaesar market, Erbil,

Kurdistan Region, Iraq (Figure 1). DAG was dissolved in 10% Tween

20 and preserved in dark bottles. The intrasite gel was bought from

Sigma Ald-rich, China, a reference drug contains polymer (2.3%),

carboxymethyl cellulose (CMC), and propylene (20%).

2.3 Acute toxicity trial

The toxicity trial was following guidelines recommended by OECD-

423.27 In brief, 36 Sprague Dawley rats (from both genders, weighted

180–200 g, and aged 7–8 weeks) were placed in three separated

cages: Group A, rats had normal saline; group B, rats received single

oral dosageof 2 g/kgDAG; groupC, rats had single oral dosageof 5 g/kg

DAG. Before treatment, all ratswere fasted before and after treatment

for 3–4 h. The observational procedure started after half hour of DAG

delivery and the following 14 days for toxicity incidence (eye color,

mild tremors, frightened, convulsion, and breathing problems) or

mortality.

The physiology of all rats, including daily movements, respiration,

skin piloerection, feed intake, salivation, and exopthalmus, was taken

into consideration. On day 15th, all rats had an overdose of anesthesia

containing 3 mg/kg xylazine and 30 mg/kg ketamine and then sacri-

ficed. The dissected liver and kidneys were evaluated by histological

assays and obtained blood samples were biochemically analyzed.28

2.4 Wound healing experiment

2.4.1 Excision wound healing in rats

Sprague Dawley rats (24) were clustered randomly and equally sepa-

rate into four steel cages and theywere providedwith food (diet pallet)

and water for 1 week as standard adaptation procedure. After that,

a small dose of anesthesia containing 3 mg/kg xylazine and 30 mg/kg

ketamine was given to all rats to allow shaving dorsal neck area and

rinsing with 70% alcohol. By using a sharp round seal, a unified circular

dorsal cut (2.00 cm, diameter)was formed29 (Figure2). Then, theywere

treated twice daily with 0.2 mL of the following topical treatments:

Group A rats treated with normal saline; Group B rats had intrasite

gel; Group C rats received 250 mg/kg of DAG; D, rats had 0.2 mL of

500mg/kg of DAG.

The closure areaof skin cuts at different timeperiods (at 0, 5, 10, and

15 days after excision) was determined by highlighting it in square mil-

limeters. The wound closure percentage was found using a highlighter,

paper squares, and graph paper (1 mm2) once rats were partially anes-

thetized by intraperitoneal injections (0.1mL/20 g). The calculation for

the closure % included the following equation:

After final evaluation of skin cuts on day 15, all rats received an

overdose of anesthesia and sacrificed. The skin samples were excised

from all rats and taken into histopathology laboratory. The collected

blood specimens were biochemically analyzed for different serum

parameters.7

The processing of skin samples began with mixing them with phos-

phate (10%)-buffered formalin and transferred into tissue-processed

machine for fixation, dehydration, paraffinization, clearing, and
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F IGURE 1 Commercial ammonic gums in Local shop in Qaysari Market (A), Kurdistan region, Iraq (Taken by A.A.J.). Gums are available in liquid
(B) and solid small random shaped granules (C) in small jars (D).

infiltration. After tissue fixation on glass slides and coloring with

different stains (Masson’s trichrome, hematoxylin, and eosin), the

slides were incubated for overnight, and then, they were observed

under light microscope (Nikon) for any plausible tissue changes,

including infiltrated inflammatory cells, collagen deposition, fibrob-

last proliferation, neovascularization, and epithelialization.30,31 The

slides examined at a low 2× magnification to observe all fields of skin

area by an histopathologist, after which it was increased by 100×
magnification.

2.4.2 Immunohistochemistry

Skin tissues transferred into 10% formilon solution, after which

undergo a process of fixation, dehydration, clearing, deparaffinization

(xylene), blocking, and slicing at 4 µm tissue thickness usingmicrotome

(Top, Zhejiang, China). The antigens were boiled in a microwave and

then, recovered using sodium citrate buffer. The immunohistochemi-

cals in recovered skinswere estimatedbasedon the streptavidin-biotin

procedure.32 Briefly, endogenous peroxidase enzymes blocked with

methanol and with 0.03% hydrogen peroxide (plus sodium azide) for

10 min. The skin tissues were buffer washed and then, they were

incubated with either HSP 70 (1:500) or Bax (1:200) antibodies for

fifteenminutes following company’s guidelines guilde lines (SigmaAld-

rich, Germany). After buffer washing of tissue sections, They were

incubated with the biotinylated second antibody and streptavidin-

peroxidase (contained anti-microbial agents) for 45 min. The sec-

tions were buffere washed again, incubated with Diaminobenzidine

substrate-chromogen for five minutes, and then, they were counter

stained with Mayer’s hematoxylin. After immersing in an ammonia

solution (37mmol) in ten times, the tissue sections werewater washed

and fixed on slides for a light microscope examination (BIM-3200,

China). A brown color apperance considered as a positve stain for the

estimated immunohistichemicals.

2.4.3 Enzyme activity

On final day of the experiment (day 15th), the obtained homoge-

nized tissue samples prepared with 1.15% calcium chloride (1:5 w/v)

using a Teflon homogenizer (Polytron, Germany). Themixturewas cen-

trifuged at 5000 rpm for 5 min and the supernatant was separated
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F IGURE 2 Dorsal neck cut created by a round seal on day 0.

for evaluation of different enzymatic contents. The concentrations of

catalayse, malondialdehyde, and superoxide dismutase enzymes were

determined in tissue homogenates activity in tissue homogenate, using

ELISA commercial kits (Biotech Co., Ltd,Wuhan).33,34

2.4.4 Hydroxyproline

The skin tissues from healed area were obtained and transferred into

homogenizer (Teflon homogenizer, Polytron, Germany). After centrifu-

gation of the tissue mixture at 4500 rpm for 15 min at 4◦C, the sepa-

rated supernatant was analyzed for the hydroxyproline (HXP) content

following producer’s manual instruction (Sigma Aldrich, China)35.

2.4.5 Inflammatory mediators

The obtained intracardiac blood samples centrifuged and analyzed

for inflammatory mediators using ELISA kits (Elabscience, Wuhan,

China) following company’s instructions.36 The cytokine strength was

detected using normal sanitized recombinant cytokines. The serum

samples of 100 µL were transferred into an incubator for overnight (at

4◦C) after placing them in 96-well plates. The plates incubated with

% skimmed milk for 1 h at 37◦C to create non-specific binding site.

After washing (0.05 M Tris-HCl buffer tween 20) the probes, antibod-

ies added to samples and they were incubated for 60 min at 37◦C.

Next, the second incubation of samples included appropriate sec-

ondary antibodies. Between all these steps, samples werewashedwith

0.05 M Tris-HCl buffer (0.1% Tween-20) two times. The substrate

o-phenylenediamine/hydrogen peroxide was used for the peroxidase

reaction (Sigma-Aldrich, China) and the spectral measurement per-

fomed at 492 nm.

2.5 Statistical analysis

The present data was prepared asmean± SEMwith p< 0.05 as signifi-

cance level. The data was analyzed by ANOVA, SPSS software, and the

designing figures were possible by using Graph Pad Prism 9.0.

3 RESULTS

3.1 Acute toxicity

The current acute toxicity trial revealed lack of any toxicity effects of

oral delivery (2 and 5 g/kg) to rats in a 14 days’ trial. DAG-treated rats

seemed very active and functioning normally throughout the exper-

imental period and they had the same amount of feed intake and

bodyweight compared as the normal controls. Furthermore, even after

the 14 days of experiment, DAG-treated rats did not develop any

physical abnormalities (wound area bite, irritation, restlessness, con-

vulsion, and pain). The histopathological evaluation of kidney and livers

obtained from treated rats revealed comparable tissue structure to

that of normal controls (Figure 3). The outcomes expect that the toxic

dosage of DAGwould be higher than 300mg/kg.Moreover, serum bio-

chemical analysis found nonsignificant difference in the of liver and

kidney profiles of normal control and DAG-treated rats (data can be

shown on request).

3.2 Wound experiment

3.2.1 Wound size and closure percentage

The present wound estimation showed different wound areas in dif-

ferent wounded rats addressed topically with 0.2 mL of normal saline,

intrasite gel, and 250 and 500mg/kg ofDAGon days 5, 10, and 15 after

excision. The vehicle rats, as expected, had significantly higher wound

areas compared to all other treated rats basedonhistopathological and

epidermal estimation on days 5, 10, and 15 after injury. While the intr-

asite gel or DAG (0.2 mL of 250 and 500 mg/kg)-treated rats showed

a gradual reduction in their wound area as time passed, which was

significantly different from that of vehicle rats. The closure percent-

ages ofwounds after 15 days of excisional procedurewere significantly
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F IGURE 3 Histology effects of oral ingestion in rats in toxicity experiment. (A) Normal control rats ingested normal saline; (B) received low
dose (2 g/kg) of DAG; (C) high dose (5 g/kg) of DAG. There were non-significant changes in the tissue structure of liver and kidneys obtained from
normal andDAG-treated rats. Grey arrow, normal glomeruli; yellow arrow, blood vessel; green star, central vein; pink arrow, sinusoidal capillary;
hepatocyte with round nucleus, blue arrow; Kupffer cell, green arrow.

lower (64.97%) compared to that (92.58% and 87.80%) of intrasite gel

and DAG (0.2 mL of 250 mg/kg)-treated rats, respectively. Contrary,

rats addressed with 0.2 mL of 500 mg/kg DAG-treated rats had sig-

nificantly higher (90.85%) wound closure percentages than the vehicle

normal saline rats.Moreover, during all three periods ofwound estima-

tions, the wound area and closure percentages were very similar and

non-significantly different between intrasite gel and DAG (0.2 mL of

500mg/kg)-treated rats as shown in Table 1 and Figure 4.

The topical application of DAG caused a significant acceleration of

wound-curing action that were significantly different than in the vehi-

cle rats based on the morphological evaluations on day 5, 10, and 15

after injury (Figure 4). Topical treatment of rats with intrasite gel or

DAG for 5 and 10 days after the excisional procedure caused similar

wound closure, but they were significantly different from that of vehi-

cle rats (Figures 4). After 15 days of topical applications, the wound

area and closure percentages significantly differed between experi-

mental rats, which were significantly higher in intrasite gel or DAG

(0.2 mL of 250 mg/kg)-treated rats (Figure 4). The outcomes indicate

significant wound healing potentials of DAG, more significantly after

15 days of application on excisional wounds.

3.2.2 Histopathological effect of DAG

The results have significant differences in the granulation tissues

between normal saline-treated rats compared to intrasite gel or DAG-

treated rats basedondifferent histopathological examinationsbyusing

H & E and Masson Trichrome stains. The vehicle rats had numerous

invasive inflammatory cell infiltration, dermal vacuolization, adipose

tissue immaturity, and clear indications of edema, hemorrhage, and

lack of hair follicles and sweat glands in dermal layers. Conversly, rat

groups received 0.2 mL of 250 and 500 mg/kg DAG showed higher
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TABLE 1 Wound estimation in rats receivedwith at different treatments.

Wound area (mm2)

Wound area

(mm2)

Wound area

(mm2)

Clusters Day 0 Day 5 Day 5 Closure (%) Day 10 Day 10 Closure (%) Day 15 Day 15 Closure (%)

A 235± 0.48 171.7± 3.2c 26.93 100.3± 4.7c 57.31b 82.3± 2.8c 64.97c

B 235± 0.46 97.22± 3.63a 58.62 42.38± 2.8a 81.96a 17.43± 2.5a 92.58a

C 235± 0.49 88.4± 4.11b 62.38 58.45± 3.8b 75.12a 28.66± 2.7b 87.80b

D 235± 0.50 91.22± 3.43b 61.18 51.23± 4.5b 78.2a 21.50± 2.3a 90.85a

Rat clusters received 0.2mLof topical treatments: GroupA, rats received normal saline; B, rats had intrasite gel; C andD, rats had 250 and 500mg/kg ofDAG.

Similar letters on values within column indicate non-significant at p< 0.05.

recovered skin tissues compared to vehicle rats shown by increased

tissue granulations, tissue re-epithelialization, mild inflammatory cells,

more fibroblasts, and neovascularization with myofibroblast irregular-

ities (Figures 5 and 6).

The wound tissues staining by Masson’s trichrome stain showed

different growth rates in the dermal skin layers and various collagen

deposition in experiment rats. The vehicle rats showed reducedexpres-

sion of MT stain and increased dermal immaturities near the wound

area represented by reduced granulated tissues and up-regulation of

the inflammatory cells distributed near thewound area.While the intr-

asite gel or DAG-treated rats showed an elevated production rate of

collagen deposition in amore ordered format compared to that of vehi-

cle rats, the outcomes denote significant wound healing potentials of

GADmediatedby theupregulationof tissuegranulationand tissuepro-

teins and downregulation of inflammatory cell infiltrations (Figures 7

and 8).

3.2.3 Effect of DAG on the expression of HSP 70
protein in injured skin tissues

The results showed various HSP 70 protein expressions in injured

skin tissues based on immunohistochemistry technique. The vehicle

rats showed significantly the lowest level of HSP 70 expressions (very

reduced light brown color) in their granulation tissues; however, the

inflammatory cellswere increased distributed all over the tissues. Con-

versly, DAG-treated rats had significantly intense expression ofHSP70

proteins (deep brown color), whichwere significantly higher compared

to vehicle rats. The stimulatory actionofDAGon theHSP70proteins in

injured skin tissueswas very comparable to that of intrasite gel-treated

rats. The outcomes suggest significant inducible potentials ofDAG that

subsequently accelerate the wound curing process (Figure 9).

3.2.4 Effect of DAG on Bax protein expression in
injured skin tissues

The present immunohistochemical evaluation of Bax protein expres-

sion in wound tissues revealed significant difference in treated rats

exposed to various topical treated after 15 days of excisional pro-

cess. The vehicle rats experienced increased Bax proteins expressions

in their granulated tissues, indicating that the tissues are still in the

inflammatory stage of the wound healing process. Topical addressing

by intrasite gel or DAG caused significantly decreased expression of

Bax proteins in theirwound tissues, denoting that the skin is passed the

inflammatory phase and entered the later phases of healing process.

The reduced Bax protein appearance in intrasite gel or DAG-treated

rats is possible to eliminate the scares and as normal maintenance

function of skin tissues (Figure 10).

3.2.5 Effect of DAG on oxidative stress

As shown in Table 2, rats received topically with different treatments

showed various levels of endogenous antioxidants and MDA levels in

their wound tissues. The normal saline treated rats experienced sig-

nificant oxidative stress shown by reduced antioxidant enzymes and

elevatedMDA values in the injured skin tissue homogenates. The intr-

asite gel or DAG-treated rats showed better antioxidant status in their

wound tissues represented by higher SOD, CAT, and lower MDA con-

tents compared to vehicle rats. DAG application (0.2 mL of 500mg/kg)

on dorsal neck injury caused positive augmentation of endogenous

antioxidants shown by higher SOD (7.92 U/mg) and CAT (44.83 um

mol/min/mg) and lower MDA (4.10 nmol/mg) levels compared to that

(5.67 U/mg, 27.6 um mol/min/mg, and 10.27 nmol/mg, respectively)

of vehicle rats. These increased antioxidant enzymes in DAG-treated

rats indicate lower oxidative tissue injury, subsequently leading to

faster wound-healing actions. Moreover, the lipid peroxidation indica-

tor (MDA) was significantly higher, which consequently caused more

oxidative stress and a delay in the wound curing process. The intrasite

gel or DAG-treated rats had reduced lipid peroxidation rate shown by

decreasedMDAvalues compared to that of normal saline (vehicle) rats.

The suggested antioxidant potentials of DAG can be proposed as cellu-

lar process aided in faster wound healing action and higher percentage

of wound contraction in DAG-treated rats.

3.2.6 Effect of DAG on hydroxyproline

The hydroxyproline (major collagen constituent) content of skin tis-

sues was significantly modulated by topical treatments applied on

dorsal neck injury as shown in Figure 11. The normal saline treated
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8 of 17 AHMED ET AL.

F IGURE 4 The dorsal skin cuts from different treated rats on three time intervals. Group A, rats addressed 0.2mL of normal saline; (B) Rats
received topical treatment of reference intrasite gel; (C andD) Rats treated with 0.2mL of 250 and 500mg/kg of DAG. DAG treatment (0.2mL of
500mg/kg) led to significant acceleration of wound contraction, which resembled those found in intrasite gel-treated rats.

rats showed decreased levels (41.24 mg/kg) of hydroxyproline in

their skin tissues, denoting reduced collagen content in their granu-

lation tissues and an early inflammatory phase of the wound curing

process. Rats that received topically 0.2 mL of intrasite gel showed

noticeably higher (92.50 mg/g) amount of hydroxyproline in their

wound tissues, which was expected due to its stimulatory action

on cellular proliferation and collagen formation. DAG treatment

(0.2 mL of 250 and 500 mg/kg) caused noticeable higher (56.30 and

73.52 mg/kg, respectively) hydroxyproline production compared to

normal saline-treated rats, indicating that the wound tissues are in
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AHMED ET AL. 9 of 17

F IGURE 5 Microscopic observation (lowmagnification) of skin cuts on day 15. Group A, rats addressed 0.2mL of normal saline; (B) Rats
received topical treatment of reference intrasite gel; (C andD) Rats treated with 0.2mL of 250 and 500mg/kg of DAG. DAG-treated rats had
comparable wound closure area compared to intrasite gel-treated rats. Yellow arrows indicate wound closure area; D, dermis; GT, granulation
tissue; E, epidermis (H&E stains, 2x).

F IGURE 6 Microscopic observation (highmagnification) of skin cuts on day 15. Group A, rats addressed 0.2mL of normal saline indicatedwith
large skin damage, reduced collage, and fewer fibroblasts; (B) Rats received topical treatment of reference intrasite gel, which had fastest skin
recovery attributed withmagnified collagen deposition (deep green color); (C andD) Rats treated with 0.2mL of 250 and 500mg/kg of DAG.
DAG-treated rats had comparable wound closure and collaged content compared to intrasite gel-treated rats. Yellow arrows indicate wound
closure area; GT, granulation tissue; E, epidermis; D, dermis (H&E stains, 100x).
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10 of 17 AHMED ET AL.

F IGURE 7 Microscopic observation of recovered dorsal neck skin (stainedwithMasson’s Trichrome) obtained from rats on day 15. Group A,
rats addressed 0.2mL of normal saline indicatedwith large skin damage, immature dermis, andminimum collagens (bright green coloration) in
their granulation tissue (GT); (B) Rats received topical treatment of reference intrasite gel, which had fastest skin recovery attributed with
magnified collagen deposition (deep green color); (C andD) Rats treated with 0.2mL of 250 and 500mg/kg of DAG hadmoderate to elevated
collagen content, which were very comparable to intrasite gel-treated rats (Masson’s Trichrome, 2x). GT, granulation tissue, D, dermis; E, epidermis
(Magnification 2x).

F IGURE 8 Microscopic observation of recovered dorsal neck skin (stainedwithMasson’s Trichrome) obtained from rats on day 15. Group A,
rats addressed 0.2mL of normal saline indicatedwith large skin damage, immature dermis, increased inflammatory cells (orange arrow), and
minimum collagens (asterisk) in their granulation tissue (GT); (B) Rats received topical treatment of reference intrasite gel, which had fastest skin
recovery attributed withmagnified collagen deposition (deep green color); (C andD) Rats treated with 0.2mL of 250 and 500mg/kg of DAG had
moderate to elevated collagen content, which were very comparable to intrasite gel-treated rats (Masson’s Trichrome, 2x). GT, granulation tissue,
D, dermis; E, epidermis (Magnification 100x).
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AHMED ET AL. 11 of 17

F IGURE 9 Microscopic observation of skin cuts obtained from all rats expressing different HSP 70 concentrations. Group A, normal control
rats received 0.2mL of normal saline showed noticeably decreased HSP 70 protein (pink star) indicated by thin brown color) andmagnified
inflammatory cells (yellow arrow); Group B, intrasite gel-treated rats revealed noticeably reducedHSP 70 intensity denoted by deep brown color;
Groups C andD rats had topical addressing of 0.2mL of 250mg/kg of DAG experiencedmoderate to increased expression of HSP 70 proteins
(brown color) and reduced inflammatory indicator compared to normal saline-treated rats (Magnification 100x).

later stages (tissue regeneration and remodeling) of wound healing

action. Theoutcomes suggest significantmodulatorypotentials ofDAG

on skin collagen, which subsequently accelerated the wound healing

process.

3.2.7 Effect of DAG on inflammatory cytokines

The serum inflammatory profiles were significantly modulated by

different topical treatments on dorsal neck injury in rats. The pro-

inflammatory cytokineswere significantly upregulated (TNF-α; 136.30
pg/mL and IL-6; 61.20 pg/mL) and the anti-inflammatory cytokines

were downregulated (IL-10; 263.31 pg/mL) in normal saline (vehicle)-

treated rats. Intrasite gel or DAG-treated rats had reversed estima-

tions of inflammatory cytokines compared to vehicle rats. The present

results showed increased immunomodulatory action ofDAG (0.2mL of

500 mg/kg) represented by decreasing TNF-α (62.12 P.pg/mL) and IL-

6 (21.82 pg/mL) and increased IL-10 levels (646.29 pg/mL), which were

noticeably varied compared tonormal saline addressed rats.Moreover,

DAG (0.2 mL of 500 mg/kg)-treated rats revealed comparable TNF-α
and IL-10 levels and non-significant differences in the IL-6 values com-

pared to intrasite gel-treated rats (Figure12). Thepresent data showed

significant anti-inflammatory potential of DAG, which might be linked

with its stimulatory potentials in wound recovery.

4 DISCUSSION

The investigation of the toxicity effect of plant extracts is an indis-

pensable safety measurement; it defines the intrinsic toxicity of the

herbs and the toxic damage of overdose. Therefore, to avoid nega-

tive outcomes, an acute toxicity test has been followed by scientists

as a safety check of any natural products that are of medicinal

interest.37,38 The present work evaluated the lethality of DAG (250

and 500 mg/kg) that traditionally utilized for wound healing and man-

agement of skin cracks.39 The toxicity trial revealed non-toxic effects

of DAG in rats without any observable behavioral or physiological

changes during or after the 14-day trial. Moreover, the serum bio-

chemical profile and histological evaluations of the livers and kidneys

showed comparable results for normal and DAG -treated rats. Sim-

ilarly, researchers reported lack of toxicity and significant positive

modulation of sperm counts in nicotinamide-streptozotocin-mediated

diabetes in rats exposed to oral ingestion of hydro-alcoholic extract

of D. aucheri (100, 200, 400 mg/kg).40,41 Accordingly, hydro-alcoholic

extracts (100, 200, 400 mg/kg) of D. aucheri showed non-toxic and

alleviated symptoms in diabetic in rats.41

Wound recovery is a natural physiological action that occurs in dam-

aged skin tissues and aids in regaining the structure, function, and

integrity of damaged skin tissues. The wound healing action includes

several integrated and sequential stages to recover cells and tissues
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12 of 17 AHMED ET AL.

F IGURE 10 Microscopically views of skin tissue presenting different levels of Bax proteins on day 15 after excisional process; Group A, rats
addressed with 0.2mL of normal saline showed increased Bax proteins expression (numerous brown spots); Group B, rats had 0.2mL of intrasite
gel represented significantly very reduced Bax proteins (few or lack of brown spots); Group C, rats addressed with 0.2mL of 250mg/kg of DAG
showed reduced Bax proteins expression but not as significant as group B; GroupD, rats had topical addressing of 0.2mL of 500mg/kg DAG
present very low expression of Bax proteins shown by few brown spots in their granulation tissues (Magnification 100x).

TABLE 2 Effect of DAG on SOD, CAT, andMDA level in
homogenized healed skin.

Animal

groups

SOD (U/mg

protein)

CAT (um

mol/min/mg)

MDA (nm/mg

protein)

A 5.67 ± 1.8 c 27.6 ± 3.2 c 10.27 ± 1.8 c

B 12.24 ± 2.3 a 50.28 ± 3.3 a 3.23 ± 0.7 a

C 6.78 ± 2.4 b 40.22 ± 2.6 b 5.38 ± 0.8 b

D 7.92 ± 2.8 b 44.83 ± 3.7 b 4.10 ± 0.4 a

Rat clusters received 0.2 mL of topical treatments: Group A, rats received

normal saline; B, rats had intrasite gel; C andD, rats had 250 and 500mg/kg

of DAG.

Vallues with different letters within column presents significance at

p< 0.05.

to have the same pre-wound status. The process of wound curing

could be halted by several factors.42 Pathogen penetration (microbes)

is one crucial risk factor that causes local and systematic infections,

and the severity changes based on the degree of tissue injury and

the cause of infection. Infected wounds require a much longer period

to recover than non-infected wounds because of increased microbial

growth and the prolonged inflammation phase of wound healing.43

The present results showed increasedwound-curing potentials ofDAG

on dorsal neck injuries in rats. Vehicle rats normal saline showed

increased wound area and reduced wound closure percentages dur-

ing all three periods of wound estimations compared to intrasite gel

or DAG-treated rats. The normal saline treated rats had thick and

stiff wounds with brown scabs, larger wound areas, reduced epithe-

lialization, and lower wound closure compared to DAG-treated rats.

Histopathological study of healed skin tissues by using H&E and Mas-

son’s trichrome stains showed less scar width at wound closure in

DAG-treated rats than in the normal saline treated rats. Moreover,

the tissue collagens and neovascularization (blood capillaries) were

significantly upregulated and the inflammatory cells (leukocyte infil-

tration) were significantly lower in DAG-treated rats. DAG treatment

caused the production of a protective cover over the wound area that

thickened the skin epidermis and prevented microbial penetrations,

subsequently less tissue damage and faster wound healing actions

occurred in those groups. The wound-healing potentials of DAG could

be related to its increased flavonoid and phenolic chemical contents,

which were repeatedly reported as wound-curing agents in different

in vivo trials.44,45 Accordingly, numerous researchers revealed wound

healing potentials of Dorema gum due to its chemical potential in the

augmentation of the inflammatory cells and angiogenesis in different

animal models. 46,47

Programmed cell death (apoptosis) as an energy-reliable cellular

process plays a crucial part in the progression and pathogenesis of

wound recovery.Neutrophils are the first inflammatory cells that travel

toward the wound area and stimulate the inflammatory cascade. The

main function of neutrophils is to eliminate pathogens and microbes.

This commonly occurs through phagolysosomes, but often causes

 16000846, 2024, 8, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/srt.13896 by L

IV
E

R
PO

O
L

 JO
H

N
 M

O
O

R
E

S U
N

IV
, W

iley O
nline L

ibrary on [13/08/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



AHMED ET AL. 13 of 17

A B C D
0

50

100

150

H
yd
ro
xy
pr
ol
yi
ne
(m
g/
g)

✱✱✱✱

✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

✱✱✱✱

F IGURE 11 The hydroxyproline content in recovered wound
tissues obtained from different rat clusters. Rat clusters received
0.2mL of topical treatments: Group A, rats received normal saline; B,
rats had intrasite gel; C andD, rats had 250 and 500mg/kg of DAG.
The HXP content was significantly upregulated following DAG
treatment, indicating increased collagen production and accelerated
wound contraction.

increased production of free radicals in host cells, subsequently killing

other healthy cells along with the target infectious substance. This

usually occurs in chronic wounds and could be the deleterious-tissue-

damaging nature of such wounds. Scientists revealed that another

mechanism for microbial elimination by neutrophils involves sur-

rounding microbes with a net of histones and DNA.48 Macrophages,

which reach the inflammatory area a little later, perform phago-

cytic action that clears wound areas from all the cell debris and

cellular matrix (fibrin clotting factor). Macrophages secrete numer-

ous inflammatory cytokines, growth factors, and angiogenic factors

that aid in the modulation of angiogenesis and fibro-proliferations.

Another inflammatory cell that is considered a valuable leukocyte lin-

eage, the mast cell, originates from basophils that mediates the later

inflammatory stages aiding in faster wound contraction.49 Increased

production of reactive oxygen species causes activation of apop-

totic proteins (Bax) that initiate apoptosis in the surrounding cells,

keratinocytes.

Research studies have validated a direct correlation between the

intensity of Bax protein and the apoptotic actions during the wound-

curing process. The skin tissue staining by immunohistochemical (Bax)

proteins in rats received normal saline, which revealed that thewound-

curing process is still at an early stage of the inflammatory phase.10,29

However, rats treatedwith intrasite gel orDAGhadnoticeably reduced

Bax protein intensity in their wound tissues demonstrating that the

wound curing process was at a later phase of recovery. The reduced

Bax protein expression possibly aids in clearing wound areas and as a

part of the normal balancing of skin tissues. Moreover, heat-shock pro-

teins (HSPs) are a well-documented family of conserved proteins that

are considered copious proteins that enhance wound-curing action

by increasing macrophage-mediated phagocytosis.50 Scientists have

shown that the intensity of HSP proteins increased in cells as a

result of various stress-related factors, including skin injury. These

immunoactive protein molecules contribute majorly to the activation

of macrophages, alarming host cells to initiate to immune response.

HSP proteins conjugate with several receptors on the surface of

macrophage and increase various cellular processes, including inflam-

matory cytokine production, phagocytic actions, tumor rejection, and

elevation of co-stimulatory actions.51 Moreover, HSP can have regu-

latory action on protein synthesis and conformation, protein recovery,

and enhanced tissue healing actions. It has been validated that HSP70

is themost prevalentHSP inwound tissues; therefore, its intensitywas

estimated in the current study. The normal saline treated rats showed

decreased expression of HSP70 proteins; however, the inflammatory

cells (mononuclear cells) were more abundant around wound areas.

The brown staining on skin tissues as an indication of the Hsp70 pro-

tein was significantly higher in intrasite gel or DAG -treated rats. This

modulatory actionon the immunohistochemical proteins byDAGcould

be correlated with its phytochemical contents (flavonoid and pheno-

lic). Accordingly, numerous flavonoid-rich plant extracts have shown

significant regulatory potentials on the apoptotic (Bax) and HSP 70

proteins.52,53

The curing process of damaged skin tissue may take more time

to recover completely due to skin ischemia, a skin disorder charac-

terized by low blood supply, enhancing the production of ROS by

upregulation of the leukocyte proliferation aroundwoundareas. As the

process continues; more free radicals near the injury site can provoke

the inflammatory actions and mediate the release of more cytokines

and leukocyte infiltrations.7 As a defence mechanism , antioxidant

enzymes are releasedby surrounding cells and injured cells to limit free

radicals damage. In cases of deep skin injury, where tissues are over-

whelmed with ROS, a serious biological destructive cascade becomes

activated that consequently changes cellular structure and function

leading to cell death. The present data showed reduced antioxidant

enzymes in normal saline-treated rats.30 DAG treated upregulated the

free radical quenching enzymes estimated in skin tissue homogenates,

which might be one of the mechanisms behind faster wound recov-

ery in these groups. Accordingly, numerous scientists reported the

antioxidant potentials of D. aucheri in different in vitro and in vivo

trials, expecting a causal link related to the D. aucheri content of phe-

nolic acid and flavonoids.20,24,41,54 Similarly, the researcher showed

significant antioxidant potentials of ammonic gum in different assays

(DPPH, ABTS, and FRAP), which were mainly correlated with its
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F IGURE 12 Effect of DAG topical treatment on the serum inflammatory profile in rats. Rat clusters received 0.2mL of topical treatments:
Group A, rats received normal saline; B, rats had intrasite gel; C andD, rats had 250 and 500mg/kg of DAG. DAG treatment led negative
modulation of the inflammatorymediators and positive regulation of anti-inflammatory chemicals consequently facilitated faster
wound-contraction.

phytochemical contents (polysaccharides including galactose glu-

curonic acid, arabinose, and rhamnose).55

Lipid peroxidation, as a cellular process, occurs as a result of polyun-

saturated fatty acids oxidation, and subsequently increases the ROS

pool, including hydroxyl radicals near the wound bed. Free radical

accumulation in wound tissues induces cellular damage and dysfunc-

tionalityof collagenand fibroblast impairment.Moreover, theendothe-

lial cell functionality, keratinocyte permeability, altered rigidity, and

ion leakage (calcium) are heavenly affected by the lipid peroxidation

byproduct.10 The vascular-endothelial growth factors are also reduced

as a result of increased lipid peroxidation, thereby slowing the wound-

healing process. One of the most copious carbonyl substances of lipid

peroxidation, MDA, is evaluated in skin tissue homogenates.29 The

topical application of normal saline on dorsal neck injury caused sig-

nificant upregulation of MDA in skin tissues, denoting increased lipid

peroxidation that could be one of the causes behind the slower wound

healing process. Rats who received DAG treatment had lower MDA

levels in their wound tissue homogenates, indicating elevated antioxi-

dant potentials in quenching free radicals that facilitated faster wound

recovery. Accordingly, previous studies have shown the inhibitory

potentials of D. aucheri on theMDA levels, which were correlated with

its chemical profiles.41,54

Fibroblasts are important cell types found in the connective tis-

sue and are linked with the biosynthesis of collagen, elastin, and

glycosaminoglycan. The abundance of fibroblasts and fibrocytes

number/mm2 near the wound bed is directly proportional to the

amount of synthesized and deposited collagen fibers.56 The physio-

logical function (e.g., secretion of ECM and secretion and signaling

factors for mechanical force generation and tissue remodeling and

tissue metabolism) of fibroblasts is significantly reduced by the accu-

mulation of ROS in skin tissues. Thus, antioxidants such as phenolic and

flavonoids can have stimulatory effects on the wound-healing process

by reducing free radicals and increasing fibroblast and collagen fibers

in wound tissues.7

Hydroxyproline is a major constituent (13.5% of its amino acid) of

skin collagen maintaining collagen structure (twisting helix) including

its integrity and structural stability.57 Collagen fiber is considered an

important contributor towound recovery due to its contribution in the

final phases of wound contraction. In the current study, DAG-treated

rats had increased HXP levels in their skin tissues than in the nor-

mal saline-treated rats, indicating its positive modulation of collagen

deposition which accelerated wound contraction. Similarly, scientists

showed significant upregulation of skin collagens by the ammoniac

gum, which was applied on two full-thickness dorsal wounds in rats,

which was linkedwith its polysaccharide contents.47

The systemic pro-inflammatory cytokines (TNF-α and IL-6) were

noticeably increased during the early days after the excisional pro-

cedure and wound creation on the dorsal neck. TNF-α is a valuable

facilitator of wound contraction by enhancing re-epithelialization,

fibroblast proliferation, and new blood capillary formation. The
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pro-inflammatory cytokines are essential for immune cells (neu-

trophils) attraction to inflammatory site and eliminating pathogens

that may grow near the wound bed.58 Furthermore, pro-inflammatory

chemicals facilitate the production of the metalloproteinase (MP)

enzyme in the inflammatory and fibroblast cells. In the case of wound

recovery, MP can clear the injured site and extracellular matrixes from

dead cellular particles and growth factors that aid in wound tissue

restoration. However, the prolonged production of pro-inflammatory

cytokines and their accumulation in skin tissues cause a delay of

the inflammatory phase and a delay in the wound repairing pro-

cess (late wound closure). The increased pro-inflammatory cytokines

along with the proteinase enzymes will denaturize the wound tis-

sues consequently becoming chronic wounds. While interleukin 10 as

an anti-inflammatory cytokine suppresses the inflammatory process

and autoimmune responses, the elevation of IL-10 can have inhibitory

action on cellular response toward microorganisms, preventing hemo-

dynamic interruption and lowering further damage to healthy cells.59

The present detected increased immunomodulatory potentials of DAG

represented by decreased TNF-6 and IL-6 levels and increased IL-10

levels in the serum of rats received 0.2 mL of 250 and 500mg/kg DAG,

which might be due to its increased flavonoid chemical contents as

previously reported.21,60,61 Similarly, researchers have shown the anti-

inflammatory action of D. aucheri extracts (200 mg/kg/day) in cerebral

ischemia-reperfusion injury in rats in a 14-day experimental trial.54

Accordingly, numerous studies have shown a positive linkage between

the significant anti-inflammatory potentials of herbal plants with their

increased flavonoids.62–65

5 CONCLUSION

Overall, our data provide significant scientific evidence for wound

repair efficacy of DAG on dorsal neck injury. The toxicity evalua-

tion did not reveal any toxic signs in rats ingested 2 and 5 g/kg of

DAG. The results substantiated the folkloric use of DAG upon wound-

healing for the first time. The observed wound recovery efficacy of

DAG is linked with its phytochemical contents (polysaccharides, phe-

nolic, and flavonoids), as previously reported. The accelerated wound

healing process in rats after topical application of DAG is mediated

by positive modulation of angiogenesis and neovascularization, tis-

sue antioxidants, immunohistochemical proteins (Bax and HSP 70),

HDX (collagen deposition), and inflammatory cytokines. The outcomes

present Dorema aucheri gum as an effective wound-healing agent and

a cheaper alternative to chemical synthetics for wound management.

The current study opens new avenues for future investigation, espe-

cially concerning the production of a potent formulation for wound

healing.
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