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ARTICLE INFO ABSTRACT

Keywords: Striae distensae (SD), commonly known as Stretch marks or striae, are one of the most common benign dermal
Allicin lesions frequently seen in females that often cause a significant physical and psychological impact. A number of
Probiotics

treatment modalities ranging from topicals to invasive approaches are commercially available, however, none of
the available options is capable of complete eradication of SD. As effectiveness of most of the available topical
formulations for SD is attributed to the combined effects of their antioxidant, anti-inflammatory and proliferative
effects, allicin and probiotic based topical formulations are hypothesized to be effective in treatment and pre-
vention of SD. Both allicin and probiotics are able to reduce the inflammatory response via suppression of
transcription factor i.e., nuclear factor (NF)-xB, and pro-inflammatory cytokines and chemokines levels. More-
over, the antioxidant effect of allicin and probiotics is considered to decrease the reactive oxygen species induced
fragmentation of collagen. Also, the effects of allicin on the collagen and elastin tissue as well as beneficial effects
of probiotics and their metabolites on skin elasticity and skin hydration are expected to provide multiple target
approach for the management of SD. Altogether, a combination formulation containing both allicin and pro-

Stretch marks
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Anti-inflammatory
Anti-oxidant

biotics is considered to be novel approach for the prevention and management of SD.

1. Introduction
1.1. Striae distensae

Striae distensae (SD), frequently known as stretch marks or striae,
are common, aesthetically undesirable dermal lesions or linear scars
associated with stretching of the dermis [1,2]. Although the condition is
not considered as a medical emergency, striae are frequently connected
with emotional and psychological distress due to its disfiguring damage,
especially in the women and certain professionals [3]. Despite of long
existence in the medical literature, i.e., first described by Troisier and
Menetrier in 1889 [4], the exact aetiology of SD is still unknown [5]. It is
believed to result from a number of physiological and pathological
conditions, including, but not limited to, pregnancy, growth spurts,
rapid body weight change, corticosteroids use, hypercortisolism like
Cushing’s syndrome, genetic disorders such as Marfan syndrome or
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certain surgical interventions such as breast augmentation [6,7]. SD is
commonly seen during pregnancy, affecting more than 90 % of women,
in which case, it is nomenclatured as Striae gravidarum [8]. The risk of
SD in women is two-times higher than in men, with an overall preva-
lence varying from 11 % to 88 % [3,9].

The pathogenesis of SD is thought to be multifactorial in origin,
mechanical stress on connective tissues being the key factor along with a
combination of genetic factors, and hormonal factors [10]. The changes
in extracellular matrix components, including fibrillin, elastin, collagen,
and fibronectin that provide skin resistance to tension and elasticity are
the primary pathological features of SD [11]. Histological alterations
include thinning of the epidermis with loss of dermal papillae and rete
ridges, separation of collagen bundles, failure of collagen fibrils to form
bundles, as well as disruption of elastic fibres and inability of tropoe-
lastin (soluble elastin)- rich fibrils to form elastic fibres [12]. Clinically,
there are two stages of SD as per the appearance: striae rubrae and striae
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albae. The initial/acute stage (striae rubrae) is characterized by almost
normal epidermis, oedematous dermis with initial erythematous, red/-
purple, flat or sometimes slightly convex lesions, aligned perpendicular
to the direction of skin tension, and can be symptomatic, which on aging
(chronic stage; striae albae), become faded due to hypopigmentation
and appear thin, wrinkled, and atrophic with blunting of rete ridges
(Fig. 1A) [13,14]. Anatomically, these lesions most often appear on the
buttocks, lower back, thighs, calves, breast/chest, abdomen, upper arm,
and knees (Fig. 1B) [13].

There is no gold standard treatment available for the management of
SD, and generally, a multifactorial approach is adopted [3]. The treat-
ment aims at reducing the erythema, stimulating collagen and elastin
production and/or increasing pigmentation [15,16]. The available
treatment modalities range from topicals and acid peel treatments to
more invasive methods such as laser therapy (Fig. 1C). Other approaches
like radiofrequency techniques, phototherapy, microdermabrasion, and
collagen injections have also been used with variable success. Despite
the availability of different varieties of therapies, no single therapy has
been reported to completely eradicate the lesions in SD [17].

A large number of commercially available topical agents claim to
have prophylactic and/or therapeutic effect in SD; but little evidence is
available for their effectiveness. Topical treatment intends to provide
improvement in texture and pigmentation with least possible side effects
[13]. A number of preparations enriched with natural ingredients like
olive oil [18,19], coconut oil [20], bitter almond oil [21], ximenia oil
[22], and argan oil [23] have been reported to prevent the striae during
pregnancy. Trofolastin®, a marketed formulation containing Centella
asiatica extract, collagen elastin hydrolysates and alpha-tocopherol, re-
ported absolute prevention in women with a history of striae during
puberty. The protective effect is attributed to asiaticoside, the active
principle of C. asiatica, that stimulate fibroblastic activity, synthesis of
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collagen and fibronectin, and glucocorticoids inhibitory activity [24].
Two proprietary creams of hyaluronic acid i.e., Alphastria cream and
Verum cream, combined with various vitamins and fatty acids, were
shown to significantly lower the incidence of SD in pregnancy in two
different studies [25,26]. A silicone-based cream with synthetic re-
combinant human growth factors, hyaluronic acid, and vitamin C was
reported to improve overall appearance and texture of SD [27]. In a
double-blind placebo-controlled study, a cream containing the hydrox-
yprolisilane C, rose hip oil, C. asiatica triterpenes, and vitamin E was
found to be effective in reducing severity and incidence of SD during
pregnancy [28]. Tropical oil formulation containing mixture of plant
extracts such as calendula, lavender, rosemary, chamomile and Pur-
Cellin oil™ along with vitamins A and E was found to be safe and
effective in treating striae and xerosis [29]. A 15-min massage with
almond oil is reported to reduce the development of striae in primipa-
rous women, however, the effect was found to be negligible in women
who merely applied almond oil only [21], suggesting the positive impact
of massage with moisturiser on skin elasticity. Tretinoin (retinoic acid)
increases tissue collagen I levels through stimulation of fibroblasts [30,
31], and was found to be effective in management of SD in a number of
studies [30-34]. The treatment, however, was often associated with
common side effects such as erythema, and scaling of the skin [32-34].
In addition to these studies, few clinical trials on the topical efficacy of
tretinoin (NCT05461755, NCT01027793), C. asiatica (NCT02601105),
cocoa butter (NCT00114660), and olive oil (NCT04489901) are
ongoing.

Success of therapies for SD has been reported to be from mild to
moderate, and generally without any evidence from rigorous and well-
designed controlled trials. Moreover, topical treatment modalities are
mainly used as an adjunctive treatment, and the procedural therapies
are still believed to be the most effective for SD management [3].
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Fig. 1. (A) Illustration of striae rubrae and striae albae along with the characteristic features (B) Common anatomical locations affected by striae distensae (C)
Topical agents and procedural therapies used for striae distensae (D) Proposed role of allicin and probiotics in management of striae distensae.
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However, although minimal, the procedural therapies are still invasive,
and may cause discomfort, pain, bleeding, erythema, and pruritis, thus
being not univocally suitable for all. Moreover, high cost of treatment,
particularly with fractional laser and fractional microneedle radio-
frequency is another factor limiting the applications of these approaches
[14]. Therefore, there is still a scope to find out more effective, safe, and
economical topical treatment for the aesthetically undesirable dermal
lesions associated with SD.

1.2. Human microbiota

Although more than three centuries have been passed since the first
ever report of microorganisms present in gastrointestinal tract of human
being by Antonie van Leeuwenhoek [35], the field of microbiome
research has evolved rapidly over the past few decades, especially with
an advancement in sequencing technology [36,37]. Similar to gut, skin
is home to a vast array of microorganisms including bacteria, fungi, and
viruses, collectively known as skin microbiota. Along with the gut
microbiota, skin microbiota plays a significant role in the protection
against invading pathogens, promotion of defense and immune re-
sponses, and helps in tissue repair mechanism, all these actions are
mediated via mutual or commensal interactions of microbiota with
mammalian host cells [38,39]. Dysbiosis of skin and/or gut microbiota
is associated with an altered immune response, promoting the devel-
opment of skin diseases, such as atopic dermatitis, psoriasis, acne vul-
garis, dandruff, and even skin cancer [40]. Although, so far, no study has
been conducted to assess the correlation of microbiota dysbiosis with
SD, the direct relationship of commensal microorganisms and their
metabolites with anti-inflammatory and immunomodulatory properties
endorsed their role in management of SD, which is reported to be
mechanism of action of some of the commercially available products,
viz. SilDerm™ and Liforma® stretch mark repair creams [13].

2. Hypothesis

The etiological relevance suggests that the SD can be managed by
topical drug therapies. The targeted treatment strategies include stim-
ulation of collagen production and fibroblastic activity for improvement
of tissue strength, reduction in wrinkling and roughness of skin (to
improve texture), improving cell proliferation, exerting anti-
inflammatory effect, increasing cell elasticity as well as vascularity,
and hyperpigmentation [13,14]. Though a number of therapeutic mo-
dalities are available, none has been reported to be effective in complete
eradication of SD. We hypothesize that a combination of allicin, and
probiotics due to their effects on a number of dermatological parameters
can be used in the management of SD.

3. Justification of the proposed hypothesis

The available scientific evidences indicate that the efficacy of topical
formulations in SD is attributed to their anti-inflammatory [41,42], and
antioxidant properties [41]. Two commercially available topical for-
mulations i.e., SilDerm™ and Liforma claimed to be effective in man-
agement of SD also contain anti-inflammatory ingredients [13].
Improvement in collagen content by certain phytochemicals is the other
mechanism reported to be useful in management of the SD [43,44].

As allicin possesses strong anti-inflammatory [45,46], antioxidant
[47], and vascularity induction properties (Fig. 1D) [48], it is likely to be
effective in the management of SD. Inmunomodulatory property of al-
licin is attributed to inhibition of transcription factor i.e., nuclear factor
(NF)-xB, thereby, inhibiting the transcription of several cytokine genes
involved in proinflammatory responses, such as tumor necrosis factor-a
(TNF-a), interleukin (IL)-1p, IL-6, IL12(p70), and monocyte chemo-
attractant protein-1 (MCP-1) [45,49]. Topical application of allicin was
found to be safe and effective in ameliorating the imiquimod-induced
psoriasis-like skin inflammation in mice. Beneficial actions of allicin
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are attributed to decreased expression of pro-inflammatory cytokines
and chemokines, as well as inhibition of TNF-receptor associated factor
6/mitogen-activated protein kinase/NF-kB and signal transducer and
activator of transcription 3/NF-kB signalling pathways [50].

Extracellular matrix molecules, such as collagens, are the good tar-
gets for oxygen free radicals. In fact, collagen is the only protein sus-
ceptible to fragmentation by superoxide anion as demonstrated by the
liberation of small 4-hydroxyproline-containing-peptides [51,52]. The
anti-oxidant activity, coupled with stimulation of collagen production,
are the dual actions of ascorbic acid that are reported to be responsible
for its beneficial role in striae [53,54]. Allicin is a natural anti-oxidant
that decreases the production of reactive oxygen species (ROS) i.e., su-
peroxide, nitric oxide and hydroxyl radicals [47,55]. The decreased
levels of these reactive species are attributed to reduced expression of
ROS producing nicotinamide adenine dinucleotide phosphate oxidases,
and promoting the cellular scavenger enzymes such as catalase, super-
oxide dismutase, and glutathione peroxidase and several types of per-
oxidases [47]. Due to potent anti-oxidant property, allicin is expected to
inhibit/reduce the ROS induced fragmentation of collagen, thereby,
being a potential molecule for the prophylaxis and treatment of striae.
Moreover, anti-oxidant and/or anti-inflammatory properties of active
garlic components are also responsible for their antiwrinkle effect [56].

The term probiotics, first ever reported by German Scientist Werner
Kollath in 1953 as “active substances that are essential for a healthy
development of life” has undergone many transformations, and the
globally accepted version as recommended by World Health Organiza-
tion, and Food and Agriculture Organization of the United Nations is
“live microorganisms that, when administered in adequate amounts,
confer a health benefit on the host” [57,58]. Probiotic bacteriother-
apeutics, particularly consisting of Lactobacilli and Bifidobacterium, are
widely reported to have potential in prevention and treatment of skin
diseases including eczema, atopic dermatitis, acne, and psoriasis
[59-61]. Although not even a single scientific study investigated the role
of probiotics in SD, many commercially available probiotic topical for-
mulations claim to be effective in the management of SD [62-64]. The
efficacy of these formulations is assumed to be due to anti-inflammatory
and immunomodulatory properties of probiotics that have been proved
scientifically in a number of studies [65,66]. The anti-inflammatory
action of probiotics is attributed to increased production of interleukin
10 and/or inhibition of lipopolysaccharide-induced production of
pro-inflammatory cytokines in macrophages [67]. Another study docu-
mented the reduction in inflammatory lesions even after one month of
cessation of topical probiotic treatment, indicating the additional
immunomodulatory effect, which needs further investigation [61].
Moreover, administration of Lactococcus lactis strain H61, Lactobacillus
plantarum HY7714, and L. casei subsp. casei 327 were reported to in-
crease skin elasticity, and skin hydration, along with the significant
reduction in skin wrinkles [68-70]. Lastly, a number of in vitro and in
vivo studies demonstrated the anti-oxidant potential of probiotics
[71-73] and their metabolites, technically known as postbiotics
[74-76], which is expected to be due to increased activity of anti-
oxidative enzymes such as glutathione-S-transferase, glutathione
reductase, glutathione peroxidase, superoxide dismutase and catalase,
re-establishment of microbiota, as well as decreasing the levels of lipid
peroxidation (e.g., malondialdehyde) [77]. The prominent anti-oxidant
potential of probiotics and postbiotics is expected to inhibit oxygen-free
radical induced fragmentation of collagen [51], thereby, assumed to be
effective in the management of SD. All these studies endorsed the direct
or indirect correlation of probiotics administration with the manage-
ment of SD by virtue of their anti-inflammatory, immunomodulatory,
and anti-oxidant properties, along with their potential effects on skin
elasticity, and skin hydration properties.

The potent anti-inflammatory, immunomodulatory, and anti-oxidant
properties of allicin and probiotics combination make them a strong
contender for the topical treatment of SD. Moreover, allicin is reported
to exhibit dual properties on natural microbiota of body. Li et al., in a
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recent publication have reported that allicin increased the abundance of
probiotic microbes, such as Lactobacillus, Clostridium and Akkermansia,
while it reduced pathogenic microbes, such as Enterobacter, Erysipela-
toclostridium and Colidextribacter [78]. Many other recent studies docu-
mented the prebiotic effect of allicin. Allicin treatment is reported to
stimulate the growth of various microbiota such as Lactobacilli, Bifido-
bacteria, and Bacteroides [79-81]. Recently, the combination of Allium
sativum and Lactobacillus acidophilus has been used as synbiotics in one of
the study [82]. Various scientific studies demonstrated the beneficial
role of topical probiotics in dermatological diseases. They have been
reported to increase stratum corneum ceramide levels that lend flexi-
bility to skin; produce short chain fatty acids, including butyrate, that
regulate the expression of occludin and zona occludens, associated with
the improvement of the epithelial barrier integrity thus keeping the skin
hydrated and preventing growth of pathogens [83-85].

Therefore, the proposed combination of allicin and probiotics will
not only improve the survival/growth rate of bacterial strains used in
this combination, but will also stimulate the growth of skin microbiota.
Also, the potential beneficial effects of probiotics and their metabolites
on skin elasticity and skin hydration are expected to provide multiple
target approach for the management of SD. Probiotic bacteriother-
apeutics, particularly consisting of Lactobacilli and Bifidobacterium, are
widely reported to have potential in prevention and treatment of various
skin. Due to their validated beneficial effects as well as safety profile, we
recommend species of these two genera that can be used in combination
with allicin for the management of Striae distensae. However, well
planned preclinical and clinical studies need to be conducted to prove
the hypothesis.

4. Conclusions

A number of natural ingredients have been tried by young women to
get rid of this cosmeceutical condition of SD with varying success. As
effectiveness of most of the available topical formulations is attributed
to their antioxidant, anti-inflammatory and proliferative effects, topical
formulation containing allicin and probiotics are hypothesized to be
effective in treatment and prevention of SD. The effect of allicin on the
collagen and elastin tissue is further anticipated to support in the
management SD. Moreover, the beneficial effects of both probiotics and
postbiotics on skin elasticity and hydration also help in the management
of SD. Overall, a combination of allicin and probiotics appears to provide
a multiple target approach for the successful management of SD.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

CRediT authorship contribution statement

Reena Gupta: Writing — original draft, Conceptualization. Bhu-
pinder Kapoor: Supervision, Resources. Ritam Bandopadhyay:
Writing — review & editing, Conceptualization. Monica Gulati: Writing
- review & editing, Supervision. Pooja Rani: Conceptualization. Rajpal
Singh Kochhar: Conceptualization.

Declaration of competing interest
The authors declare that they have no known competing financial

interests or personal relationships that could have appeared to influence
the work reported in this paper.

Medicine in Microecology 21 (2024) 100109
References

[1] Borrelli MR, Griffin M, Ngaage LM, Longaker MT, Lorenz HP. Striae distensae: scars
without wounds. Plast Reconstr Surg 2021;148(1). https://journals.lww.com/plas
reconsurg/Fulltext/2021/07000/Striae_Distensae_Scars_without Wounds.13.aspx.

[2] Ross NA, Ho D, Fisher J, Mamalis A, Heilman E, Saedi N, et al. Striae distensae:
preventative and therapeutic modalities to improve aesthetic appearance.
Dermatol Surg 2017;43(5):635-48. https://doi.org/10.1097/
dss.0000000000001079.

[3] Huang Q, Xu LL, Wu T, Mu YZ. New progress in therapeutic modalities of striae
distensae. Clin Cosmet Invest Dermatol 2022;15:2101-15. https://doi.org/
10.2147/ccid.S379904.

[4] Troisier E, Menetrier P. Histologie des vergetures. Ann Gynecol 1889;31:206.

[5] Alageel RA, Bukhari AE, Alotaibi AS, Alsalman RS, Aldakhilallah MM, Siddiqui JJ,

et al. Perception of stretch marks risk factors among adults in riyadh, Saudi arabia.

Cureus 2021;13(11):e19561. https://doi.org/10.7759/cureus.19561.

Forbat E, Al-Niaimi F. Treatment of striae distensae: an evidence-based approach.

J Cosmet Laser Ther 2019;21(1):49-57. https://doi.org/10.1080/

14764172.2017.1418515.

[7] Wollina U, Goldman A. Management of stretch marks (with a focus on striae
rubrae). J Cutan Aesthetic Surg 2017;10(3):124-9. https://doi.org/10.4103/jcas.
Jcas_118_17.

[8] Korgavkar K, Wang F. Stretch marks during pregnancy: a review of topical
prevention. Br J Dermatol 2015;172(3):606-15. https://doi.org/10.1111/
bjd.13426.

[9] Mendes N, Alves PJ, Barros M, Rodrigues JM, Machado J. A narrative review of
current striae treatments. Healthcare 2022;10(12):2565. https://www.mdpi.
com/2227-9032/10/12/2565.

[10] Farahnik B, Park K, Kroumpouzos G, Murase J. Striae gravidarum: risk factors,
prevention, and management. International Journal of Women’s Dermatology
2017;3(2):77-85. https://doi.org/10.1016/].ijwd.2016.11.001.

[11] Shen Y, Pang Q, Xu J. Comprehensive pathogenesis and clinical therapy in striae
distensae: an overview and current perspective. Chinese Journal of Plastic and
Reconstructive Surgery 2022;4(4):203-7. https://doi.org/10.1016/j.
¢jprs.2022.10.002.

[12] Elsedfy H. Striae distensae in adolescents: a mini review. Acta Biomed 2020;91(1):
176-81. https://doi.org/10.23750/abm.v91i1.9248.

[13] Ud-Din S, McGeorge D, Bayat A. Topical management of striae distensae (stretch
marks): prevention and therapy of striae rubrae and albae. J Eur Acad Dermatol
Venereol 2016;30(2):211-22. https://doi.org/10.1111/jdv.13223.

[14] Lokhande AJ, Mysore V. Striae distensae treatment review and update. Indian
Dermatol Online J 2019;10(4):380-95. https://doi.org/10.4103/id0oj.IDOJ_336_
18.

[15] Lim JTE. Treating striae distensae albae in asians: efficacy and safety of combined
MFU-V and CaHA. Plast Reconstr Surg Glob Open 2021;9(2):e3429. https://doi.
org/10.1097/g0x.0000000000003429.

[16] Sawetz I, Lebo PB, Nischwitz SP, Winter R, Schaunig C, Brinskelle P, et al. Platelet-
rich plasma for striae distensae: what do we know about processed autologous
blood contents for treating skin stretchmarks?-A systematic review. Int Wound J
2021;18(3):387-95. https://doi.org/10.1111/iwj.13541.

[17] Keen MA. Striae distensae: what’s new at the horizon? Br J Med Pract 2016;9(3).

[18] Taavoni S, Soltanipour F, Haghani H, Ansarian H, Kheirkhah M. Effects of olive oil
on striae gravidarum in the second trimester of pregnancy. Complement Ther Clin
Pract 2011;17(3):167-9. https://doi.org/10.1016/j.ctcp.2010.10.003.

[19] Solt Kirca A, Kanza Giil D. Effects of olive oil on striae gravidarum in primiparous
women: a randomized controlled clinical study. Altern Ther Health Med 2022;28
(4):34-9.

[20] Brennan M, Clarke M, Devane D. The use of anti stretch marks’ products by women
in pregnancy: a descriptive, cross-sectional survey. BMC Pregnancy Childbirth
2016;16(1):276. https://doi.org/10.1186/512884-016-1075-9.

[21] Timur Tashan S, Kafkasli A. The effect of bitter almond oil and massaging on striae
gravidarum in primiparaous women. J Clin Nurs 2012;21(11-12):1570-6. https://
doi.org/10.1111/j.1365-2702.2012.04087 .x.

[22] Satoto G, Fernandes AS, Saraiva N, Santos F, Neng N, Nogueira JM, et al. An
overview on the properties of ximenia oil used as cosmetic in Angola. Biomolecules
2019;10(1). https://doi.org/10.3390/biom10010018.

[23] Bogdan C, Moldovan ML, Man IM, Crisan M. Preliminary study on the development
of an antistretch marks water-in-oil cream: ultrasound assessment, texture analysis,
and sensory analysis. Clin Cosmet Invest Dermatol 2016;9:249-55. https://doi.
org/10.2147/ccid.S107298.

[24] Mallol J, Belda MA, Costa D, Noval A, Sola M. Prophylaxis of Striae gravidarum
with a topical formulation. A double blind trial. Int J Cosmet Sci 1991;13(1):51-7.
https://doi.org/10.1111/j.1467-2494.1991.tb00547 .x.

[25] Wierrani F, Kozak W, Schramm W, Griinberger W. [Attempt of preventive
treatment of striae gravidarum using preventive massage ointment
administration]. Wien Klin Wochenschr 1992;104(2):42-4.

[26] de Buman M, Walther M, de Weck R. [Effectiveness of Alphastria cream in the
prevention of pregnancy stretch marks (striae distensae). Results of a double-blind
study]. Gynakol Rundsch 1987;27(2):79-84.

[27] Kikuchi R, Waldman AR, Wolfswinkel EM, Pletzer V, Kalasho BD, Zoumalan CI.
Safety/efficacy of new topical silicone formulation with selective growth factors
for treating striae distensae. J Cosmet Sci 2020;71(2):77-90.

[28] Garcia Hernandez J, Madera Gonzalez D, Padilla Castillo M, Figueras Falcén T. Use
of a specific anti-stretch mark cream for preventing or reducing the severity of
striae gravidarum. Randomized, double-blind, controlled trial. Int J Cosmet Sci
2013;35(3):233-7. https://doi.org/10.1111/ics.12029.

[6

fad}


https://journals.lww.com/plasreconsurg/Fulltext/2021/07000/Striae_Distensae__Scars_without_Wounds.13.aspx
https://journals.lww.com/plasreconsurg/Fulltext/2021/07000/Striae_Distensae__Scars_without_Wounds.13.aspx
https://doi.org/10.1097/dss.0000000000001079
https://doi.org/10.1097/dss.0000000000001079
https://doi.org/10.2147/ccid.S379904
https://doi.org/10.2147/ccid.S379904
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref4
https://doi.org/10.7759/cureus.19561
https://doi.org/10.1080/14764172.2017.1418515
https://doi.org/10.1080/14764172.2017.1418515
https://doi.org/10.4103/jcas.Jcas_118_17
https://doi.org/10.4103/jcas.Jcas_118_17
https://doi.org/10.1111/bjd.13426
https://doi.org/10.1111/bjd.13426
https://www.mdpi.com/2227-9032/10/12/2565
https://www.mdpi.com/2227-9032/10/12/2565
https://doi.org/10.1016/j.ijwd.2016.11.001
https://doi.org/10.1016/j.cjprs.2022.10.002
https://doi.org/10.1016/j.cjprs.2022.10.002
https://doi.org/10.23750/abm.v91i1.9248
https://doi.org/10.1111/jdv.13223
https://doi.org/10.4103/idoj.IDOJ_336_18
https://doi.org/10.4103/idoj.IDOJ_336_18
https://doi.org/10.1097/gox.0000000000003429
https://doi.org/10.1097/gox.0000000000003429
https://doi.org/10.1111/iwj.13541
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref17
https://doi.org/10.1016/j.ctcp.2010.10.003
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref19
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref19
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref19
https://doi.org/10.1186/s12884-016-1075-9
https://doi.org/10.1111/j.1365-2702.2012.04087.x
https://doi.org/10.1111/j.1365-2702.2012.04087.x
https://doi.org/10.3390/biom10010018
https://doi.org/10.2147/ccid.S107298
https://doi.org/10.2147/ccid.S107298
https://doi.org/10.1111/j.1467-2494.1991.tb00547.x
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref25
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref25
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref25
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref26
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref26
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref26
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref27
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref27
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref27
https://doi.org/10.1111/ics.12029

R. Gupta et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Cantelli M, Camela E, Marasca C, Fontanella G, Blasio C, Fabbrocini G. Topical oil
formulation of plant extracts and vitamins as effective treatment for stretch marks
and xerosis-An observational longitudinal study. J Cosmet Dermatol 2021;20(1):
9-13. https://doi.org/10.1111/jocd.14094. Suppl 1.

Kang S. Topical tretinoin therapy for management of early striae. J Am Acad
Dermatol 1998;39(2 Pt 3):590-2. https://doi.org/10.1016/50190-9622(98)70453-
0.

Kang S, Kim KJ, Griffiths CE, Wong TY, Talwar HS, Fisher GJ, et al. Topical
tretinoin (retinoic acid) improves early stretch marks. Arch Dermatol 1996;132(5):
519-26.

Rangel O, Arias I, Garcia E, Lopez-Padilla S. Topical tretinoin 0.1% for pregnancy-
related abdominal striae: an open-label, multicenter, prospective study. Adv Ther
2001;18(4):181-6. https://doi.org/10.1007/bf02850112.

Elson ML. Treatment of striae distensae with topical tretinoin. J Dermatol Surg
Oncol 1990;16(3):267-70. https://doi.org/10.1111/j.1524-4725.1990.tb03962.x.
Hexsel D, Soirefmann M, Porto MD, Schilling-Souza J, Siega C, Dal’Forno T.
Superficial dermabrasion versus topical tretinoin on early striae distensae: a
randomized, pilot study. Dermatol Surg 2014;40(5):537-44. https://doi.org/
10.1111/dsu.12460.

Rajili¢-Stojanovi¢ M, de Vos WM. The first 1000 cultured species of the human
gastrointestinal microbiota. FEMS (Fed Eur Microbiol Soc) Microbiol Rev 2014;38
(5):996-1047. https://doi.org/10.1111/1574-6976.12075.

Berg G, Rybakova D, Fischer D, Cernava T, Verges M-CC, Charles T, et al.
Microbiome definition re-visited: old concepts and new challenges. Microbiome
2020;8(1):103. https://doi.org/10.1186/s40168-020-00875-0.

Qian XB, Chen T, Xu YP, Chen L, Sun FX, Lu MP, et al. A guide to human
microbiome research: study design, sample collection, and bioinformatics analysis.
Chin Med J (Engl) 2020;133(15):1844-55. https://doi.org/10.1097/
¢m9.0000000000000871.

Kapoor B, Gulati M, Rani P, Gupta R. Psoriasis: interplay between dysbiosis and
host immune system. Autoimmun Rev 2022:103169. https://doi.org/10.1016/j.
autrev.2022.103169.

Byrd AL, Belkaid Y, Segre JA. The human skin microbiome. Nat Rev Microbiol
2018;16(3):143-55. https://doi.org/10.1038/nrmicro.2017.157.

De Pessemier B, Grine L, Debaere M, Maes A, Paetzold B, Callewaert C. Gut-skin
Axis: current knowledge of the interrelationship between microbial dysbiosis and
skin conditions. Microorganisms 2021;9(2). https://doi.org/10.3390/
microorganisms9020353.

Bogdan C, Iurian S, Tomuta I, Moldovan M. Improvement of skin condition in striae
distensae: development, characterization and clinical efficacy of a cosmetic
product containing Punica granatum seed oil and Croton lechleri resin extract.
Drug Des Devel Ther 2017;11:521-31. https://doi.org/10.2147/dddt.5128470.
Gaillard E, Boisnic S, Branchet MC, Lamour I, Keophiphath M. Tasmannia
lanceolata leaf extract alleviates stretch mark appearance in a randomized,
placebo-controlled clinical trial in women and stimulates extracellular matrix
synthesis in ex vivo human skin explants. J Cosmet Dermatol 2021;20(6):1923-32.
https://doi.org/10.1111/jocd.13780.

Bylka W, Znajdek-Awizen P, Studzifiska-Sroka E, Brzeziriska M. Centella asiatica in
cosmetology. Postepy Dermatol Alergol 2013;30(1):46-9. https://doi.org/
10.5114/pdia.2013.33378.

Yeom M, Ji H, Shin J, Cho E, Ryu D-H, Park D, et al. The alleviating effect of
lagerstroemia indica flower extract on stretch marks through regulation of mast
cells. Molecules 2022;27(4):1274. https://www.mdpi.com/1420-3049/27/4/
1274.

Arreola R, Quintero-Fabidn S, Lopez-Roa R, Flores-Gutiérrez EO, Reyes-

Grajeda JP, Carrera-Quintanar L, et al. Inmunomodulation and anti-inflammatory
effects of garlic compounds. J Immunol Res 2015;2015:401630. https://doi.org/
10.1155/2015/401630.

Li C, Lun W, Zhao X, Lei S, Guo Y, Ma J, et al. Allicin alleviates inflammation of
trinitrobenzenesulfonic acid-induced rats and suppresses P38 and JNK pathways in
caco-2 cells. Mediators Inflamm 2015;2015:434692. https://doi.org/10.1155/
2015/434692.

Nadeem MS, Kazmi I, Ullah I, Muhammad K, Anwar F. Allicin, an antioxidant and
neuroprotective agent, ameliorates cognitive impairment. Antioxidants 2021;11
(1). https://doi.org/10.3390/antiox11010087.

Anim-Nyame N, Sooranna SR, Johnson MR, Gamble J, Steer PJ. Garlic
supplementation increases peripheral blood flow: a role for interleukin-6? J Nutr
Biochem 2004;15(1):30-6. https://doi.org/10.1016/].jnutbio.2003.09.008.

Gu X, Wu H, Fu P. Allicin attenuates inflammation and suppresses HLA-B27 protein
expression in ankylosing spondylitis mice. BioMed Res Int 2013;2013:171573.
https://doi.org/10.1155/2013/171573.

Zhang L, Ma X, Shi R, Zhang L, Zhao R, Duan R, et al. Allicin ameliorates
imiquimod-induced psoriasis-like skin inflammation via disturbing the interaction
of keratinocytes with IL-17A. British Journal of Pharmacology;n/a(n/a). https://
doi.org/https://doi.org/10.1111/bph.15983.

Monboisse JC, Borel JP. Oxidative damage to collagen. In: Emerit I, Chance B,
editors. Free radicals and aging. Basel: Birkhauser Basel; 1992. p. 323-7.

Pai VV, Shukla P, Kikkeri NN. Antioxidants in dermatology. Indian Dermatology
Online Journal 2014;5(2). https://journals.lww.com/idoj/Fulltext/2014/05
020/Antioxidants_in_dermatology.27.aspx.

Casabona G, Marchese P. Calcium hydroxylapatite combined with microneedling
and ascorbic acid is effective for treating stretch marks. Plast Reconstr Surg Glob
Open 2017;5(9):e1474. https://doi.org/10.1097/gox.0000000000001474.

Hinek A, Kim HJ, Wang Y, Wang A, Mitts TF. Sodium L-ascorbate enhances elastic
fibers deposition by fibroblasts from normal and pathologic human skin.

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]
[63]
[64]
[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

Medicine in Microecology 21 (2024) 100109

J Dermatol Sci 2014;75(3):173-82. https://doi.org/10.1016/j.
jdermsci.2014.05.011.

Okada Y, Tanaka K, Fujita I, Sato E, Okajima H. Antioxidant activity of
thiosulfinates derived from garlic. Redox Rep 2005;10(2):96-102. https://doi.org/
10.1179/135100005x38851.

Kim SR, Jung YR, An HJ, Kim DH, Jang EJ, Choi YJ, et al. Anti-wrinkle and anti-
inflammatory effects of active garlic components and the inhibition of MMPs via
NF-kB signaling. PLoS One 2013;8(9):e73877. https://doi.org/10.1371/journal.
pone.0073877.

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. The International
Scientific Association for Probiotics and Prebiotics consensus statement on the
scope and appropriate use of the term probiotic. Nat Rev Gastroenterol Hepatol
2014;11(8):506-14. https://doi.org/10.1038/nrgastro.2014.66.

Kapoor B, Gulati M, Gupta R, Singla RK. Microbiota dysbiosis and myasthenia
gravis: do all roads lead to Rome? Autoimmun Rev 2023;22(5):103313. https://
doi.org/10.1016/j.autrev.2023.103313.

Lolou V, Panayiotidis MI. Functional role of probiotics and prebiotics on skin
health and disease. Fermentation 2019;5(2):41. https://www.mdpi.com/2311-56
37/5/2/41.

Franca K. Topical probiotics in dermatological therapy and skincare: a concise
review. Dermatol Ther 2021;11(1):71-7. https://doi.org/10.1007/s13555-020-
00476-7.

Lebeer S, Oerlemans EFM, Claes I, Henkens T, Delanghe L, Wuyts S, et al. Selective
targeting of skin pathobionts and inflammation with topically applied lactobacilli.
Cell Reports Medicine 2022;3(2):100521. https://doi.org/10.1016/j.
xcrm.2022.100521.

https://vienna.co.id/product/probiotics-stretch-mark-serum/.
https://elementmom.com/products/mega-moisturizing-stretch-mark-cream.
https://www.mamanatural.com/belly-butter/.

Kianmehr S, Jahani M, Moazzen N, Ahanchian H, Khameneh B. The potential of
probiotics for treating skin disorders: a concise review. Curr Pharm Biotechnol
2022;23(15):1851-63. https://doi.org/10.2174/1389201023666220411090301.
Azad MAK, Sarker M, Wan D. Immunomodulatory effects of probiotics on cytokine
profiles. BioMed Res Int 2018;2018:8063647. https://doi.org/10.1155/2018/
8063647.

Saravanan P, R P, Balachander N, K KRS, S S, S R. Anti-inflammatory and wound
healing properties of lactic acid bacteria and its peptides. Folia Microbiol 2023.
https://doi.org/10.1007/512223-022-01030-y.

Kimoto-Nira H, Aoki R, Sasaki K, Suzuki C, Mizumachi K. Oral intake of heat-killed
cells of Lactococcus lactis strain H61 promotes skin health in women. J Nutr Sci
2012;1:e18. https://doi.org/10.1017/jns.2012.22.

Lee DE, Huh CS, Ra J, Choi ID, Jeong JW, Kim SH, et al. Clinical evidence of effects
of Lactobacillus plantarum HY7714 on skin aging: a randomized, double blind,
placebo-controlled study. J Microbiol Biotechnol 2015;25(12):2160-8. https://doi.
org/10.4014/jmb.1509.09021.

Saito Y, Mihara T, Maruyama K, Saito J, Ikeda M, Tomonaga A, et al. Effects of
intake of Lactobacillus casei subsp. casei 327 on skin conditions: a randomized,
double-blind, placebo-controlled, parallel-group study in women. Biosci
Microbiota Food Health 2017;36(3):111-20. https://doi.org/10.12938/bmfh.16-
031.

Cai J, Bai J, Luo B, Ni Y, Tian F, Yan W. In vitro evaluation of probiotic properties
and antioxidant activities of Bifidobacterium strains from infant feces in the
Uyghur population of northwestern China. Ann Microbiol 2022;72(1):14. https://
doi.org/10.1186/513213-022-01670-y.

Zhou Y, Gong W, Xu C, Zhu Z, Peng Y, Xie C. Probiotic assessment and antioxidant
characterization of Lactobacillus plantarum GXL94 isolated from fermented chili.
Front Microbiol 2022;13. https://doi.org/10.3389/fmicb.2022.997940.

Aarti C, Khusro A, Varghese R, Arasu MV, Agastian P, Al-Dhabi NA, et al. In vitro
studies on probiotic and antioxidant properties of Lactobacillus brevis strain LAP2
isolated from Hentak, a fermented fish product of North-East India. LWT 2017;86:
438-46. https://doi.org/10.1016/j.1wt.2017.07.055.

Chang HM, Foo HL, Loh TC, Lim ETC, Abdul Mutalib NE. Comparative studies of
inhibitory and antioxidant activities, and organic acids compositions of postbiotics
produced by probiotic lactiplantibacillus plantarum strains isolated from
Malaysian foods. Front Vet Sci 2020;7:602280. https://doi.org/10.3389/
fvets.2020.602280.

Izuddin WI, Humam AM, Loh TC, Foo HL, Samsudin AA. Dietary postbiotic
Lactobacillus plantarum improves serum and ruminal antioxidant activity and
upregulates hepatic antioxidant enzymes and ruminal barrier function in post-
weaning lambs. Antioxidants 2020;9(3):250. https://www.mdpi.com/2076-392
1/9/3/250.

Martorell P, Alvarez B, Llopis S, Navarro V, Ortiz P, Gonzalez N, et al. Heat-treated
Bifidobacterium longum CECT-7347: a whole-cell postbiotic with antioxidant, anti-
inflammatory, and gut-barrier protection properties. Antioxidants 2021;10(4):536.
https://www.mdpi.com/2076-3921/10/4/536.

Blazheva D, Mihaylova D, Averina OV, Slavchev A, Brazkova M, Poluektova EU,
et al. Antioxidant potential of probiotics and postbiotics: a biotechnological
approach to improving their stability. Russ J Genet 2022;58(9):1036-50. https://
doi.org/10.1134/51022795422090058.

Li L, Yan Y, Wang X, Hou Y, Ding L, Wang Z, et al. Allicin modulates the intestinal
microbiota to attenuate blood glucose and systemic inflammation in type 2 diabetic
rats. Frontiers in Microbiomes 2023;2. https://doi.org/10.3389/
frmbi.2023.1102694.

Zhang C, He X, Sheng Y, Yang C, Xu J, Zheng S, et al. Allicin-induced host-gut
microbe interactions improves energy homeostasis. Faseb j 2020;34(8):10682-98.
https://doi.org/10.1096/£j.202001007R.


https://doi.org/10.1111/jocd.14094
https://doi.org/10.1016/s0190-9622(98)70453-0
https://doi.org/10.1016/s0190-9622(98)70453-0
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref31
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref31
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref31
https://doi.org/10.1007/bf02850112
https://doi.org/10.1111/j.1524-4725.1990.tb03962.x
https://doi.org/10.1111/dsu.12460
https://doi.org/10.1111/dsu.12460
https://doi.org/10.1111/1574-6976.12075
https://doi.org/10.1186/s40168-020-00875-0
https://doi.org/10.1097/cm9.0000000000000871
https://doi.org/10.1097/cm9.0000000000000871
https://doi.org/10.1016/j.autrev.2022.103169
https://doi.org/10.1016/j.autrev.2022.103169
https://doi.org/10.1038/nrmicro.2017.157
https://doi.org/10.3390/microorganisms9020353
https://doi.org/10.3390/microorganisms9020353
https://doi.org/10.2147/dddt.S128470
https://doi.org/10.1111/jocd.13780
https://doi.org/10.5114/pdia.2013.33378
https://doi.org/10.5114/pdia.2013.33378
https://www.mdpi.com/1420-3049/27/4/1274
https://www.mdpi.com/1420-3049/27/4/1274
https://doi.org/10.1155/2015/401630
https://doi.org/10.1155/2015/401630
https://doi.org/10.1155/2015/434692
https://doi.org/10.1155/2015/434692
https://doi.org/10.3390/antiox11010087
https://doi.org/10.1016/j.jnutbio.2003.09.008
https://doi.org/10.1155/2013/171573
https://doi.org/10.1111/bph.15983
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref51
http://refhub.elsevier.com/S2590-0978(24)00012-0/sref51
https://journals.lww.com/idoj/Fulltext/2014/05020/Antioxidants_in_dermatology.27.aspx
https://journals.lww.com/idoj/Fulltext/2014/05020/Antioxidants_in_dermatology.27.aspx
https://doi.org/10.1097/gox.0000000000001474
https://doi.org/10.1016/j.jdermsci.2014.05.011
https://doi.org/10.1016/j.jdermsci.2014.05.011
https://doi.org/10.1179/135100005x38851
https://doi.org/10.1179/135100005x38851
https://doi.org/10.1371/journal.pone.0073877
https://doi.org/10.1371/journal.pone.0073877
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1016/j.autrev.2023.103313
https://doi.org/10.1016/j.autrev.2023.103313
https://www.mdpi.com/2311-5637/5/2/41
https://www.mdpi.com/2311-5637/5/2/41
https://doi.org/10.1007/s13555-020-00476-7
https://doi.org/10.1007/s13555-020-00476-7
https://doi.org/10.1016/j.xcrm.2022.100521
https://doi.org/10.1016/j.xcrm.2022.100521
https://vienna.co.id/product/probiotics-stretch-mark-serum/
https://elementmom.com/products/mega-moisturizing-stretch-mark-cream
https://www.mamanatural.com/belly-butter/
https://doi.org/10.2174/1389201023666220411090301
https://doi.org/10.1155/2018/8063647
https://doi.org/10.1155/2018/8063647
https://doi.org/10.1007/s12223-022-01030-y
https://doi.org/10.1017/jns.2012.22
https://doi.org/10.4014/jmb.1509.09021
https://doi.org/10.4014/jmb.1509.09021
https://doi.org/10.12938/bmfh.16-031
https://doi.org/10.12938/bmfh.16-031
https://doi.org/10.1186/s13213-022-01670-y
https://doi.org/10.1186/s13213-022-01670-y
https://doi.org/10.3389/fmicb.2022.997940
https://doi.org/10.1016/j.lwt.2017.07.055
https://doi.org/10.3389/fvets.2020.602280
https://doi.org/10.3389/fvets.2020.602280
https://www.mdpi.com/2076-3921/9/3/250
https://www.mdpi.com/2076-3921/9/3/250
https://www.mdpi.com/2076-3921/10/4/536
https://doi.org/10.1134/S1022795422090058
https://doi.org/10.1134/S1022795422090058
https://doi.org/10.3389/frmbi.2023.1102694
https://doi.org/10.3389/frmbi.2023.1102694
https://doi.org/10.1096/fj.202001007R

R. Gupta et al.

[80]

[81]

[82]

Wang Z, Ding L, Liu J, Savarin P, Wang X, Zhao K, et al. Allicin ameliorates glucose
and lipid metabolism via modulation of gut microbiota and bile acid profile in
diabetic rats. J Funct Foods 2023;111:105899. https://doi.org/10.1016/].
jff.2023.105899.

Panyod S, Wu W-K, Chen P-C, Chong K-V, Yang Y-T, Chuang H-L, et al.
Atherosclerosis amelioration by allicin in raw garlic through gut microbiota and
trimethylamine-N-oxide modulation. npj Biofilms and Microbiomes 2022;8(1):4.
https://doi.org/10.1038/541522-022-00266-3.

Sunu P, Sunarti D, Mahfudz LD, Yunianto VD. Effect of synbiotic from Allium
sativum and Lactobacillus acidophilus on hematological indices, antioxidative
status and intestinal ecology of broiler chicken. Journal of the Saudi Society of

[83]

[84]

[85]

Medicine in Microecology 21 (2024) 100109

Agricultural Sciences 2021;20(2):103-10. https://doi.org/10.1016/j.
jssas.2020.12.005.

Xiao X, Hu X, Yao J, Cao W, Zou Z, Wang L, et al. The role of short-chain fatty acids
in inflammatory skin diseases. Front Microbiol 2022;13:1083432. https://doi.org/
10.3389/fmicb.2022.1083432.

Eslami M, Bahar A, Keikha M, Karbalaei M, Kobyliak NM, Yousefi B. Probiotics
function and modulation of the immune system in allergic diseases. Allergol
Immunopathol 2020;48(6):771-88. https://doi.org/10.1016/j.aller.2020.04.005.
Maguire M, Maguire G. The role of microbiota, and probiotics and prebiotics in
skin health. Arch Dermatol Res 2017;309(6):411-21. https://doi.org/10.1007/
s00403-017-1750-3.


https://doi.org/10.1016/j.jff.2023.105899
https://doi.org/10.1016/j.jff.2023.105899
https://doi.org/10.1038/s41522-022-00266-3
https://doi.org/10.1016/j.jssas.2020.12.005
https://doi.org/10.1016/j.jssas.2020.12.005
https://doi.org/10.3389/fmicb.2022.1083432
https://doi.org/10.3389/fmicb.2022.1083432
https://doi.org/10.1016/j.aller.2020.04.005
https://doi.org/10.1007/s00403-017-1750-3
https://doi.org/10.1007/s00403-017-1750-3

	Allicin and Probiotics: Double-edged sword for the management of Striae distensae
	1 Introduction
	1.1 Striae distensae
	1.2 Human microbiota

	2 Hypothesis
	3 Justification of the proposed hypothesis
	4 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References


