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Abstract

Introduction: Eisenia fetida is a species of earthworm. The oil extracted from this species has been found to have antimicrobial and
antioxidant characteristics as well as omega-3, omega-6, and omega-9 fatty acids in its contents. The regenerative properties of this
compound are very impressive.

Aim: This study aimed to evaluate the effect of earthworm oil on wound healing based on collagen type III formation in the BALB/c
mice.

Materials and methods: The present experimental study was conducted in Birjand, Iran, in 2019. Forty-eight male adults BALB/c
mice were divided into 4 groups (12 mice in each group). The intervention group received earthworm oil, the negative and positive
control groups received sesame oil and 1% nitrofurazone cream, respectively, whereas the sham group received no treatment at al. A
full-thickness excision wound with a 5-mm disposable surgical punch was made on the dorsal skin of all mice after anesthesia. The
wounds in groups 1, 2, and 3 were dressed twice a day. At days 4, 7, 10, and 14 after wounding, excisional biopsy was performed and the
sample was examined histologically and immunohistochemically using the Image]J software. Data were analysed by ANOVA and Tukey
tests using SPSS software version 22.

Results: In the tissue samples treated with earthworm oil, the number of fibroblast cells and granulation tissue formation and epitheli-
alization significantly increased; the thickness of type III collagen fibers in this group predominantly increased in comparison to other
control groups.

Conclusions: This study has demonstrated that the earthworm oil has a positive effect on the wound healing process, especially by
promoting the collagen synthesis.
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INTRODUCTION

A wound is a tissue injury that might be formed due to
various factors such as trauma, burns, surgery, and other
destructive events. Wound healing can be considered as
a dynamic response to injury that is complex and regular
and involves interaction among different types of cells,
growth factors, and structural proteins.!!) Annually, chron-
ic wounds affect 6.5 million patients in the United States,
with an estimated cost of over $25 million.!?! Many factors,
including the blood flow of the wound area, the presence
of foreign microorganisms, age, and poor nutrition status,
can affect the speed of wound healing. Wound healing is
a physiological response to the injured skin. It consists of
three complex interactive phases: 1) hemostasis - inflam-
mation phase that starts immediately after injury with the
launch of hemostatic mechanisms to stop bleeding imme-
diately and migration of inflammatory cells to injured tis-
sue, 2) proliferation phase in which many important events
are formed such as the production of collagens, proteogly-
can and fibronectin for the formation of extracellular ma-
trix (ECM), new epithelium and angiogenesis!®], and 3) re-
modelling phase in which the ECM is organized to produce
new functional tissue and mature collagen fibres!*. Howev-
er, the fibroblasts producing the matrix and collagen fibers
are the dominant cells in the second stage and are respon-
sible for the synthesis of collagen types. The two dominant
types of collagen in wound repair are collagen I and IIL
Type III collagen is fibrillar-forming collagen that plays
some important roles in fibrillogenesis and determines the
fibril diameter of collagen 1.3 It has been reported that
accelerating the wound healing process is an important
part of the field of healing.”)

Nowadays, there is a tendency to use traditional drugs
to heal wounds as they are known to be more cost-effective
and have fewer side effects in comparison with the chemical
drugs used for the purpose.l*! However, one of the challeng-
es in medical research is how a traditional compound can
be made to be useful.[>*! Recently, essential oils have been
studied and used by the pharmaceutical and food industries
because these compounds have been shown to have a va-
riety of therapeutic effects.l”8! Earthworms have been used
in the traditional medicine of many countries such as Iran,
China, Japan, and Indonesia for many therapeutic purposes
and have been also known in eastern medicine as anti-in-
flammatory, analgesic, and antipyretic agents.!)

The healing property of the earthworm is very impres-
sive. In Iran, earthworm oil is extracted from the species
Eisenia fetida which contains omega-3, omega-6, and ome-
ga-9 fatty acids.!'”) The inflammatory impacts of earth-
worm oil result from the omega fatty acids which are com-
ponents of the earthworm oil.['!]

The alcoholic extract of the worm also has a strong an-
timicrobial activity.'”) Studies have shown that the mac-
romolecular mixture with glycoprotein 90 (G90) extract-
ed from earthworms has antibacterial and antioxidants
effects.l'?) On the other hand, the anti-inflammatory and

angiogenic effects of omega-3 fatty acids have been con-
firmed by many studies.'’ There are also lymphokines
in the body of these worms which with their fibrinolyt-
ic effects can be involved in further developing the blood
supply of the organs.!®l Hence, this oil may modify many
of the potential mechanisms involved in wound healing
and improve it.!!’)

To date, only few studies have focused on finding the
wound healing effects of this oil.

AIM

Therefore, the present study was designed to examine the
healing effect of earthworm oil based on collagen type III
formation in the wounds identified in the skin of BALB/c
mice.

MATERIALS AND METHODS

Methods

Animals

This experimental study was performed on 48 adult male
BALB/C mice (2545 g), which were provided by the Exper-
imental Medical Research Center of Birjand University of
Medical Sciences (Ethical Code: IR.BUMS.REC.1397.003).
The animals were housed in clean individual cages (12:12
hour light/dark cycle, at a temperature of 22°-24°C) and
provided free access to standard food and water.

Preparing earthworm oil

Eisenia fetida (Annelida, Lumbricidae) was purchased from
an earthworm breeding farm in Mashhad (Iran). The spe-
cies of the earthworm was identified by a zoologist at Fer-
dowsi University (Mashhad, Iran). The worms were washed
with tap water to remove the soil particles from the bodies
of earthworms. They were then soaked in normal saline
for 24 hours to clean the earthworm gut. Afterdrying the
worms with an incubator, 500 grams of Eisenia fetida pow-
der was mixed in a litre of sesame oil, and then exposed to
sunlight for 40 days.

Excisional dermal wound technique

The mice were first anesthetized with intraperitoneal injec-
tion of ketamine hydrochloride (70 mg/kg) and xylazine
(13.4 mg/kg), then the skin on the mice backs was shaved
and two symmetrical full-thickness excisional wounds
were created beside the midline (at least 2 cm apart) using
5 disposable surgical punches.['* The mice were randomly
divided into 4 groups (n=12). The intervention group was
treated with earthworm oil (group 1), the negative control
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group received sesame oil (group 2), the positive control
group received nitrofurazone 0.2% (group 3)I”) and the
sham group received no treatment (group 4). The animals
received topical treatment twice a day at a 12-h interval (at
8:00 a.m. and 8:00 p.m.)!”! for 14 consecutive days from
baseline (day 0, the day the wound was made). During
the study, if a mouse had a skin infection, it was discard-
ed from the study. Digital imaging studies of the wound
was performed (on days 4, 7, 10, and 14) using a digital
camera (Mavica FD91, Sony). On days 4, 7, 10, and 14
post-wounding, three mice of each group were sacrificed
and the excisional wound areas were removed for routine
histological and immunohistochemical studies.

Histopathological analysis

Biopsy specimens were obtained from the wound area and
fixed in formalin 10% (48 hours), then the samples were
prepared for tissue processing and were finally serially sec-
tioned (5 um) using a microtome. Sections (n=10) from each
group were stained with H&E, also specific stainings includ-
ing Masson’s trichrome stain and immunohistochemistry
(IHC) were performed to assess the morphological details
and the density of collagen types I and IIL.[">! For each spec-
imen, epidermal parameters (i.e. re-epithelization) and der-
mal parameters including inflammatory cells (i.e. lympho-
cytes and neutrophils), granulation, and collagen synthesis
were evaluated by Image] software. To perform IHC, 5-pm
sections (n=20) were placed on charged slides and rehydrat-
ed. The sections were washed in 0.1 M phosphate-buffered
saline (PBS) (pH=7.4). Endogenous peroxidase activity was
blocked by 0.3% (v/v) H,O,. The samples were then incu-
bated in PBS (0.01 M) with Triton X100 (0.025%) for 10 min
at room temperature. Samples were incubated in goat serum
10% with 1% BSA in 0.01 M PBS for 30 min. Primary an-
tibody (Abcam Ab7778 Anti-Collagen III Antibody) with
concentration (1.55% BSA1%) was poured on the samples
for 12 h (overnight). Slides were washed with PBS contain-
ing Triton X100 (0.025%) in two successive 5-min steps.
Secondary antibody (Abcam Ab7090 Goat Anti-Rabbit IgG
H&L (HRP)) was diluted to 1.000% BSA1% and incubated
on the samples at room temperature for 2 hours. PBS con-
taining Triton X100 (0.025%) was used for 5 min to wash
on the slides. A mixture of two solutions, DAB (0.03%, Sig-
ma Aldrich) of and H,0, (0.01%) dissolved in PBS (0.01
M), was added to the samples for 30 min. Then, slides were
washed with distilled water (3 min) to eliminate DAB from
non-specific locations. Mayer hematoxylin staining (for 10
seconds) was the next step. After final washing, the slides
were dehydrated and mounted. Images were obtained us-
ing an Olympus SZX microscope fitted with Pixera digital
camera.

Statistical analysis

Data were analysed using SPSS statistical software (version
22). One-way ANOVA test was used to intergroup compar-
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isons and Tukey test was used to compare data obtained
from all groups of the study. The quantitative data were ex-
pressed as mean * standard deviation (SD). Results with
p<0.05 were considered statistically significant.

RESULTS

Histopathological analysis

All data related to the inflammatory cells, granulation area,
fibroblast, and collagenisation are shown in Table 1. On day
4 of the study, the average number of inflammatory cells in
the intervention group (earthworm oil) was significantly
less than that number in the other control groups (groups
2, 3, 4). During the wound healing, there was no evidence
of proliferation of fibroblastic cells, granulation, angiogen-
esis, and synthesis of collagen fibers on the mentioned day
(p>0.05). Interestingly, the findings 7 days after wounding
showed that the number of inflammatory cells (mononu-
clear and polymorph) significantly decreased in the mice
treated with earthworm oil compared to those treated with
nitrofurazone, sesame oil, and the sham group (groups 2,
3, 4) (p=0.001) (Table 1). Also, a significant increase was
observed in the treated group with earthworm compared to
other control groups (groups 2, 3, 4) when the mean num-
ber of fibroblasts was analysed (p=0). Furthermore, the rate
of granulation tissue formation and angiogenesis were sig-
nificantly higher in the earthworm oil-treated group than
in the control groups (groups 2, 3, 4) (p=0.00). On the oth-
er hand, on day 10, the average number of inflammatory
cells significantly decreased in the earthworm oil-treated
group compared to the nitrofurazone-treated, the sesame
oil-treated, and the control groups (p=0), while the mean
number of fibroblasts, the granulation area, and epitheliza-
tion were found to be greatly increased in the earthworm
oil-treated group compared to the other groups (groups 2,
3, 4) (p=0, p=0.042, and p=0, respectively) (Fig. 1). Also,
in the nitrofurazone-treated group, the mean number of
whole fibroblasts and granulation area showed a signifi-
cant difference in comparison with the control sham group
(group 4)(p=0.009, p=0.001). The overall average collagen
fibers density in the earthworm oil group was significant-
ly higher than in the other groups (groups 2, 3, 4) (p=0).
The density of collagen fibers in the nitrofurazone-treated
group also showed a significant increase compared to the
sham and sesame oil groups (groups 3, 4) (p=0). The score
of type I1I collagen synthesis in two groups - the earthworm
oil and the nitrofurazone-treated groups — was higher than
that of the negative and sham control groups (groups 3, 4)
(p=0, p=0.001) (Fig. 2). At the end of day 14, in the group
treated with earthworm oil, the mean number of fibroblast
cells significantly increased compared to the sesame oil
and nitrofurazone groups (groups 2, 3) (p=0.005). Also, in
the nitrofurazone group, the number of fibroblast cells in-
creased compared to the negative and sham control groups
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(groups 3, 4) (p=0.012) (Table 1). Moreover, the granula-
tion area was significantly increased in the group treated
with earthworm oil compared to the sham group (group 4)
(p=0.00), and in the nitrofurazone-treated group compared
to the other groups (groups 3, 4) (p=0) (Fig. 1). Also, the
mean total density of collagen fibers was significantly high-
er in the earthworm oil group than in the sham, the nitro-
furazone, and the sesame oil groups (groups 2, 3, 4) (p=0).
In this regard, collagen fibers density was significantly in-
creased in the nitrofurazone group when compared with

the other control groups (groups 3, 4) (p=0.001). In the
earthworm oil-treated group, the score of collagen type III
synthesis and the mean of epithelialization was higher than
in the other groups (groups 2, 3, 4) (p=0, p=0) (Table 2).

DISCUSSION

Earthworm oil has been reported to have several biological
activities including anti-oxidative, anti-microbial, and an-

Figure 1. (i) Total inflammatory cells infiltration in a. (earthworm oil), b. (nit), c. (sesame oil), and d. (sham), Trichrome staining, mag-

nification x400 in 257/55x334/65 um? at day 10; (ii) Collagenization in a. (earthworm oil), b. (nit), c. (sesame oil), d. (sham), Trichrome

staining, magnification x400 in 257/55x334/65 um? at day 10; (iii) The area of granulation in a. (earthworm oil), b. (nit), c. (sesame oil),
d. (sham), Trichrome staining, magnification x400 in 3204/12x2401/34 pm? at day 10.

Table 1. The effect of earthworm oil on dermal and epidermal parameters in wound healing

Day Earthworm oil Nitrofurazone Sesame oil Sham P-value!

4 22.00+4.83 » 29.50+£3.89 ¢ 32.7£3.8 34.847.08 <0.001
Inflamma- b

30.20+4.13 % 41.442.36* 47.8+5.99 50.60+4.19 <0.001

tory cells

10 18.943.51 P 24.4+4.24% 31.5+3.34 34.4+3.7 <0.001

7 1883603.474+312649.66 1077241.91+551699.52 1036133.59+201206.95 120902.47+375595.26 0.002
Granula-
i rantia 10 1688831.86+709933.136 2 211386.421+605012.67 *  1767479.59+339268.36 925183.86+155969.78 0.042

on

14 1302440.497 2 +231688.6405  1438549.87+191935.661 %  1239835.689+237112.4971  742293.2522+131162.5436 <0.001
Collage- 10 033+0.016% 0.29470+0.16 0.25570+0.12 0.24319+0.01 <0.001
nization 14 0.5871+0.030 *b 0.49503+0.029 * 0.5387+0.033 0.46570+0.21 <0.001

7 27.942,02 21.30+2.26 22.1+3.95 19.50+1.58 <0.001
Fibroblast 10 50.842.52 b 42.6+4.14* 36+4.15 36.5+4.90 <0.001

14 34.80+4.82° 30.10+2.42 % 25.90+6.04 20.2043.25 <0.001

P-value': : compared with the sham control group; ®: compared with the nitrofurazone group
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Figure 2. Comparative collagen type III images at days 10 and 14: samples in the studied groups. Magnification x400 in 257/55x334/65

pm? (IHC staining).

Table 2. The effect of earthworm oil on type III collagen synthesis in wound healing

Collagenization Day Earthworm oil Nitrofurazone Sesame oil Sham P-value!
Collagen type III 10 0.22516+0.018 P 0.17864+0.020 * 0.15977+0.019 0.14342+0.029 <0.001
14 0.17334+0.023 b 0.16265+0.19 2 0.13128+0.11 0.12476+0.02 <0.001

2 compared with the sham control group; ®: compared with the nitrofurazone group

ti-coagulative functions. Also, the benefits it has for tissue
regeneration and wound healing have been recently proved.
The results of our study showed that earthworm oil exerts
positive effects on different stages of wound healing, espe-
cially on the process of collagen type III formation. Wound
healing is a natural response of injured skins that consists
of three interactive phases including inflammation, prolif-
eration, and remodelling.!®! The inflammatory phase starts
immediately after injury and is characterized by the influx
of two important leukocytes, lymphocytes, and neutro-
phils.['®! In the present study, the results obtained in days 4,
7, and 10 showed that treatment with earthworm oil could
decrease inflammation and infiltration of inflammatory
cells. Mathur et al. showed that petroleum ether fraction of
earthworm extract had a comparable anti-inflammatory ef-
fect to that of aspirin.!'”] In another study, the anti-inflam-
matory activity of Eutyphoeus gammiei (a type of earth-
worm species) was assessed in the carrageenan-induced
animal model and the results of this study confirmed the
previous study.['! Moreover, Balamurugan et al. reported
similar results in their study.!*"!

On the other hand, the proliferative or repair phase is

characterized by granulation tissue formation, angiogene-
sis, wound contraction, and epithelialization.!! Fibroblasts,
as the main cell type in granulation tissue formation, are
involved in the proliferation process and produce matrix
components, including hyaluronan, fibronectin, proteo-
glycans, and procollagen (types I and I1I).5! The results of
days 7, 10, and 14 of our study revealed that treatment
with earthworm oil could increase the mean number of
fibroblast cells and the thickness of the granulation tissue.
Yang et al. investigated the therapeutic effects of earthworm
extract (G-90"), which was separated from the head tissue
of Eisenia fetida, on the wound healing process in vitro and
in vivo; their results showed the bioactive proteins (ES2)
in G-90" enhanced the proliferative phase in the acute
wound healing process.?") Their results have been consid-
ered as a new concept in using such a natural material in
wound healing. Furthermore, Grdisa et al. investigated the
efficacy of a glycolipoprotein tissue homogenate extracted
from Eisenia fetida (G-90) to activate signal transduction
pathways, which are involved in wound healing.2! Their
results showed that treatment with G-90 could stimulate
the synthesis of the epidermal growth factor (EGFE, 10-fold
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elevations) and fibroblast growth factor (FGE, 5-fold eleva-
tions) in the wound compared to the healthy skin.[?!l EGF
and FGF by increasing the proliferation of epithelial cells
and promoting angiogenesis and growth of fibroblast cells,
respectively, could promote the rate of wound healing.?!]
However, it seems that one of the causes of fibroblast pro-
liferation is related to the FGF level. We strongly suggest
that the levels of FGF and EGF should be investigated in
future studies.

The final step of wound healing is the maturation phase.
In this stage, the granulation tissue is converted into ma-
ture connective tissue regeneration.’! The normal skin
contains about 80% type I collagen and 20% type III colla-
gen. Collagen type III, which is involved in fibrillogenesis
and determination of the fibril diameter of collagen I, is
made by myofibroblasts during the early stages of granu-
lation tissue formation.l) Moreover, in the early stages of
healing, the expression of collagen type III increases rela-
tive to collagen I, resulting in an increased ratio between
the two collagen subtypes from 20% up to 50% collagen
IIL, but during maturation of the scar, this ratio backs to
the normal levels.!

In the present study, on days 10 and 14, treatment with
earthworm oil increased the density of collagen fibers. Hey-
dari et al,, by evaluating the comparative effects of earth-
worm extract and phenytoin sodium on suture wound
healing in Goldfish (Carassiusauratus), reported that the
earthworm extract could produce better collagen fibers, in-
crease the formation of granulation tissues, angiogenesis,
and fibroblast proliferation, and also could decrease lipid
peroxidation (LPO) in fish serum.??) Wound contraction
has been considered as a good factor for evaluating the rate
of wound healing.l*! The contraction of the wound is done
by differentiated myofibroblasts from migrating fibroblasts
in granulation tissue.®! Differentiated myofibroblasts lead
to the formation of pseudopodia, which are involved in at-
taching to fibronectin and collagen in the ECM.?*! The pro-
cess of wound contraction is initiated by this attachment.!2*!

The results of this study showed that treatment with
earthworm oil led to complete re-epithelization of the
epidermal layer with a higher percentage of wound con-
traction. Earthworm oil contains omega-3, omega-6, and
omega-9 fatty acids; hence, it seems that these fatty acids,
through their anti-inflammatory and angiogenic proper-
ties, could modify many of the potential mechanisms in-
volved in reducing the diameter of the wound and finally
improve wound healing. Cardoso et al. showed that ome-
ga-6 had better effects on wound healing in mice compared
to omega-3 and omega-9.24 On the other hand, it has been
reported that omega-6 (30 uM treatment with omega-6)
could decrease cyclooxygenase-2 (COX-2) level and also
induce the expression of collagen type III. Furthermore, this
study also showed that omega-3 fatty acid is involved in the
early closure of open wounds, but not as much as the oleic
acid.[?*?° Administration of the COX-2 inhibitor delayed
re-epithelialization in the early phase of wound healing and
also inhibited angiogenesis.(?]

CONCLUSIONS

The study presented the results about the role of earthworm
oil in the wound healing process by a significant prolifera-
tion of fibroblast and collagen type III synthesis.
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BnusaHue macna poxaeBbiX UepBeilt Ha o6pa3oBaHue
KonnareHa lll Tuna B npouecce 3aXuB/ieHNa paH
y Mbiwei BALBI/c

Moxamen Adurap’?, Moxamenmexan Xacaucanex-Taxepu'?, Maxmyp 3appact?, 3axpa Hapepn!
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Pe3tome

BBefieHve: Eisenia fetida — Buj H0X/eBbIX YepBeil. BpII0 0OHAPY>KEHO, YTO MAC/I0, M3BIEYEHHOE I3 3TOTO BUJA, OOIaiaeT aHTUMMU-
KPOOHBIMM VM aHTMOKCUIAHTHBIMM CBOVICTBAMU, @ TAK)Ke COLIEPXKUT XKMPHbIE KUCTIOTBI OMera-3, oMera-6 u omera-9. PereneparusHble
CBOJICTBA 3TOT0O COENVHEHNSI OYEHD BIIEYAT/IAIOT.

Llenb: 310 nccnenopanme 6bI0 HAIIPAB/IEHO HA OLIEHKY BIMAHIA MAc/Ia JOXK/eBbIX YepBeil Ha 3aKMBJIeHIE PaH Ha OCHOBe 06pa3oBa-
Hus xonnarena II1 tuna y mpimeit BALB/c.

Matepuanbl n metofbl: Hacrosiiee sKkcrepuMeHTanbHOE UCCTIefoBaHMe ObIIO MpoBefeHo B bupmxkanpe, Vpan, B 2019 . Copok
BOCEMb B3POC/IBIX CaMIIOB Mbilireit BALB/c 6ty pasgenensl Ha 4 rpymmsl (1o 12 Mbliueit B KaXKfoii rpymie). Ipymma, nogsepruy-
Tas BO3/IEJICTBUIO MOTyYasia Macyo JOX/I€BOTO Y€PBs, TPYTIIbI OTPUIIATENBLHOTO Y IOIOKUTENbHOIO KOHTPO/IA MOTyYaiu KyHXyTHOE
Macyo 1 1% KpeM HUTPpOodypa3oHa, COOTBETCTBEHHO, B TO BpeMs Kak IPYIIa MIMUTALMM He HojTy4ana Hudero. Ha Koxe CIMHBI Bcex
MBIIIEl TIOCTIE aHECTE3UM HAHOCUIN MOMHOC/IONHYIO MCCEYEHHYIO PaHy OJHOPA3OBbIM XMPYPIMYeCKMM LIMIIIOM AMAMETPOM 5 MM.
Panbl B rpymmax 1, 2 u 3 mepeBs3piBany fiBa pasa B cyTku. Ha 4, 7, 10 u 14 cyTKy moc/ie paHeH Vst BBITOTHSIIN 9KCLM3VIOHHYIO OMOIICHIO
Y TYICTOIOTMYECKU ¥ MIMMYHOTMCTOXMMMYECKM MCCIefloBamy obpasel] ¢ MOMONLIbIO TporpaMMbl Image]. JlaHHBIe aHaTU3MPOBANN C
nomo1ibio TectoB ANOVA 1 Tukey ¢ ncronp3oBaHmeM nmporpaMmMHoro obecriedennst SPSS Bepcuu 22.

Pesynbratbl: B o6pasijax TkaHeil, 00pabOTaHHBIX Mac/IOM HOX/EBBIX YepBell, 3HAYNTENIbHO YBEMIMYMIOCh KOMNYECTBO KIETOK (pu-
6pobmacToB, 06pazoBaHIe U AMUTEIU3ALNA TPAHY/IALVMOHHOI TKaHM; TOJIIMHA KO/UIareHOBbIX BO/IOKOH I1I Tvma B 3ToII rpymie mpe-
UMYLIeCTBEHHO YBeINYIMBaNach II0 CPABHEHNIO C IPYTMMY KOHTPO/IbHBIMY IPYIIIIaMM.

3akntoueHue: 3ro NCCeaoBaHMeE IMOKa3amo, 4YTO MaCI0 JOXIEBbIX qepBei{ OKa3bIBa€T ITIOJIOXKUTE/NIbHOE BINAHNE Ha IIPOLECC 3aXKUB-

JIEHUA paH, 0c06€eHHO 3a CUéT CTUMY/IMPOBaHNA CMHTE3a KOJI/IareHa.
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