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ABSTRACT. The fatty acid composition in the skin of Sunda porcupine (Hystrix javanica) is an
interesting topic due to the special features of quills, especially in the dorsal region. Therefore, this
study aims to analyze the composition of fatty acids in the dorsal region of Sunda porcupine skin. It
was conducted using skin samples of the thoracodorsal and lumbosacral regions taken by biopsies
and from frozen specimens. The skin lipid was extracted and then derivatized into fatty acid methyl
ester before analyzing with gas chromatography mass spectrometry. The results showed that the
J. Vet. Med. Sci. skin is composed of up to 25 fatty acids ranging from C12 to C25 with various types but only 16 were
84(9): 1230-1236, 2022 found in both regions and sexes. Fatty acids with an antibacterial effect were found abundantly,
’ ! such as oleic, palmitic, stearic, and linoleic acids. The total abundance in the thoracodorsal region
doi: 10.1292/jvms.22-0227 was higher than lumbosacral, while the composition in male was higher than in female. Based on
the results, the fatty acid composition in the dorsal skin region of Sunda porcupine consists of at
least 16 types ranging from C12-C25. Additionally, the region and sex were observed to contribute
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The skin as the outermost organ plays a role in protecting the body from various interferences. The epiderm is composed of several
layers of keratinocytes that function to protect the skin against infectious agents [8]. For example, the stratum corneum layer has
cellular components and structures that play a role in regulating acidity. This condition is one of the defense functions that act in
suppressing the growth of bacterial populations on the surface of the skin [8].

Meanwhile, the Sunda porcupine (Hystrix javanica) is a species of rodent in the family Hystricidae that has quills as the main skin
derivates apart from the hair. The quills which are well developed as the body defense structure are located in the dorsal areas of the
body [17, 20, 32]. A previous study showed that the thorax and cranial part of the dorsal region consists of small, flexible, and flat
quills while the lumbar to sacrum part comprises hard, stiffed and bigger quills. In addition, the surface skin characteristic in this
region exhibits several differences in quill follicle density [24, 25]. Due to this special feature, this study was conducted to examine
the characteristics of the Sunda porcupine skin. Previous studies have been conducted on the skin structure [24], bacterial population
[25], alpha tocopherol in the skin [26], lectin binding in the sebaceous gland [27], immunoreaction of uncoupling protein 1 (UCP-1)
antibody in sebaceous gland [28] and morphological evaluation of polysaccharide in wound healing [29].

The structure and chemical composition in the various parts of the skin are unique and determine the specific habitat for each type
of microbe [11]. The skin surface of the Sunda porcupine especially in the dorsal region is the habitat of commensal bacteria, such as
Staphylococcus aureus, S. epidermidis, and Micrococccus sp [25]. Previous studies exhibited a large-sized gland of the skin in each
quill, compared to the hair follicle [25, 27]. Moreover, the density of quill follicle in the thoracodorsal region is higher compared to
the lumbosacral, indicating a higher density of the sebaceous gland in the thoracodorsal region [25]. The sebaceous glands play a
role in the transport of proteins, lipids, and glycerol to the skin surfaces for the hydration of the stratum corneum layer. The sebum
produced from this gland is known to have components that act as antimicrobials [8]. Simple forms of lipids such as fatty acids and
monoglycerides have antimicrobial activity and are capable of killing a wide range of microbes such as Gram-negative and positive

*Correspondence to: Agungpriyono S: ysrihadi@apps.ipb.ac.id, Department of Anatomy Physiology and Pharmacology, Faculty of Veterinary
Medicine, IPB University, JI. Agatis Kampus IPB Dramaga, Bogor 16680, Indonesia
(Supplementary material: refer to PMC https://www.ncbi.nlm.nih.gov/pmc/journals/2350/)

©2022 The Japanese Society of Veterinary Science
@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
@ T License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

1230


https://creativecommons.org/licenses/by-nc-nd/4.0/

The Journal of

Veterinary

Medical

Science SKIN FATTY ACID IN SUNDA PORCUPINE

bacteria, virus, yeast, and some parasite which infect the skin. Fatty acids and/or monoglycerides are known to have innate immune
system properties against certain bacterias in skin infection [9, 15, 23].

However, the fatty acid composition in skin surface from the epidermis, superficial dermis, and sebaceous glands of Sunda porcupine
skin has not been studied thoroughly. Therefore, this study aims to determine the composition of fatty acid in the dorsal region of
Sunda porcupine skin. The fatty acids will be analyzed by their derivates form of fatty acid methyl ester (FAME). The identified
components can be used as basic information about the potential fatty acid content affecting the skin physiology.

MATERIALS AND METHODS

Animals

This study used 6 adults Sunda porcupines consisting of 3 males and 3 females, weighing 6—8 kg as subjects and optimized by 2
frozen specimens namely 1 male with 1 female aged 2—4 years. The animals were bred in captivity for conservation purposes and to be
released into the wild. All procedures were performed in accordance with the ethical approval of The Ethical Clearance Subcommittee
of Life Science, Indonesian Institute of Sciences, No. B-12695/K/KS.02.04/X11/2017. All the animals were in healthy condition based
on the veterinary routine examination. They were sampled for skin biopsy and the procedures were conducted under anesthesia using
10% HCI ketamine (Ilium Ketamil, Troy Laboratories, Glendenning, NSW, Australia) and 2% xylazine HCI (Ilium Xylazil, Troy
Laboratories) at doses of 2.5 mg/kg body weight (BW) and 1 mg/kg BW. The animals were used mainly for natural wound healing
in line with Prawira et al. [29]. Full thickness wounding was conducted by incision method to make an open wound with an area of
approximately 11.3 £+ 1.23 c¢cm? in each region, i.e. Thoracodrosal (TD) and Lumbosacral (LS), while the skins obtained were used
as the samples. Considering that the animals were to be used for natural wound healing evaluation, the medication was administered
minimally. However, the analgesic in the form of dexamethasone and antibiotics namely penicillin and streptomycin were prepared
for the unexpected responses. The vaginal swabbed was also performed on the females to predict the reproduction status based on the
cytological observation, the overview of the animal data is shown in Table 1. Additionally, the frozen specimens were obtained from
society donation as freshly dead animals to IPB University laboratorium specifically for research purposes, then the carcass and the
skin were stored and frozen at —40°C.

The skin samples obtained from the biopsy and frozen specimens were then frozen and sectioned to separate the skin surface namely
the epidermis, superficial dermis, and sebaceous gland from other parts. Next, samples were divided into 4 groups, as male TD, male
LS, female TD, and female LS with each group weighing 4-4.5 g which was divided into 2-2.25 g each for total lipid percentage
and fatty acid composition.

Total lipid percentage

The Total lipid in the skin was quantified using the Soxhlet method, the skin of each group was weighted (W1), dried using
evaporator at 60°C overnight, and then grinded. The clean cups were weighed (W2) and the sample was put in the individual cup,
then the Petroleum benzene and solvent were mixed with the samples, and then proceeded into the Soxhlet extractor (Soxtec System
HT6 1043, Foss Tecator, Eden Prairie, MN, USA) at 105°C temperature for 20 min. Cooling was carried out while the solvent was
rinsed from the extractor hull to the extraction cup for 35 min. The mixture was then evaporated, dried, and weighed as the final
weight of samples (W3). The difference between the final (W3) and clean cup weight (W2) divided by sample weight (W1) is the
percentage of total lipid.

Lipid extraction, FAME derivatization and Analysis by Gas Chromatography Mass Spectrometry (GCMS)

Samples were extracted according to the method of Bligh and Dyer [3] to obtain the total lipid extract. This was carried out by
mixing 2 mg of tissue samples with a mixture of 4 mL methanol and 2 mL chloroform, followed by homogenization, the addition
of 2 mL double distilled water (DDW), and homogenization. The formed solution was separated into two phases with alcohol at the
top and chloroform at the bottom. Subsequently, 1 mL of chloroform phase was derivatized into fatty acid methyl ester or (FAME)
using 0.5 N NaOH and BF; in methanol. Three mL of hexane was added followed by mixing using vortex and heating for 5 min at
60°C and then cooling. The formed solution is divided into 2 layers, the top or hexane layer was taken, filtered with Na,SO, and
injected (1 pL) into the GCMS (Shimadzu QP2010, Shimadzu Corp., Tokyo, Japan) with column DB-5MS having a length of 30 m,
diameter 0.25 mm, and thickness 0.25 pm (122-5532UI, Agilent Technologies, Santa Clara, CA, USA). The GCMS was operated at
temperature 60—250°C (7°C/min) with 57.4 kPa of pressure and flow rate 104 mL/min, while the flow of the carrier gas, Helium was

Table 1. Animals data

Animal Weight (kg) Sex Age (Year) Reproduction status
1 7.20 Male 4 -
2 8.05 Male 4 -
3 6.30 Male 2 -
4 8.10 Female 4 Estrus
5 7.20 Female 2 Estrus
6 8.60 Female 4 Early diestrus
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1 mL/min. The FAMEs were identified by comparing the retention time of authentic compounds (peaks) along with Library. Wiley7
and NIST 147 mass spectral data bank.

Analysis of data

The percentage and area of each peak in chromatogram were analyzed statistically with ANOVA single factor, while the difference of
each identified fatty acid between groups was compared using Duncan’s multiple range test and student’s ¢ test at P<0.05, all analysis
was conducted using the XLStat 2017 in Microsoft Excel.

RESULTS

An overview of the living animals’ data is shown in Table 1, the smallest male weighed 6.30 kg and aged 2 years, while the smallest
female weight was 7.20 kg with a similar age. Based on the reproduction status, the females were in estrus and early diestrus when
the biopsy procedure was performed.

The total lipid percentage of each group varied from 1.8% to 8.23% as demonstrated in Table 2. The highest percentage was found
in male TD, while the lowest was in female TD. However, the total lipid in TD region namely 10.5% was higher than in LS region
5.18%, while the total lipid in male 11.5% was higher than in females at 3.73%.

The GCMS examination results on the skin of the epidermis and superficial dermis showed fatty acids with C12-C25 carbon chains
(Fig. 1). A total of 16 types of fatty acids (C12-C24) were identified in all group, namely lauric (C12:0), myristic (C14:0), pentadecanoic
(C15:0), palmitoleic (C16:1), palmitic (C16:0), 14-methylhexadecanoic (C17:0), linoleic (C18:2), oleic (C18:1), isooleic (C18:1),
stearic (C18:0), arachidonate (C20:4), eicosenoic (C20:1), arachidic (C20:0), behenic (C22:0), tricosanoic (C23:0), and lignoceric
acid (C24:0) (Table 3). In the male TD and LS regions, 22 types of fatty acids with carbon chains of C12-C25 were identified, while
2 were identified only in the male LS group, namely 2-hexylcyclopropanoctanoic acid (C17:0) and hyenic acid (C25: 0). Moreover,
the fatty acids found only in the male TD region were isooleic (C18:1) and nervonic acid (C24:1). In the female TD region, 18 types

Table 2. Total lipid percentage

Parameter Male TD Male LS Female TD Female LS
Total lipid (%) 8.232 3.27° 1.82¢ 1.91¢
Total lipid (Sex) 11.50% (Male)? 3.73% (Female)®
Total lipid (Region) 10.05% (TD)* 5.18% (LS)®

Different superscript letter in a row, show significant difference at P<0.05. TD: thoracodorsal, LS: lumbosacral.
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Fig. 1. Gas chromatography mass spectrometry (GCMS) peaks pattern of the fatty acid composition in Sunda Porcupine skin.
Male thoracodorsal [TD] (A), male lumbosacral [LS] (B), female thoracodorsal [TD] (C), female lumbosacral [LS] (D).
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Table 3. Percentage abundance of fatty acid in each group

Abundance in regio (%)

Fatty acid Carbon
Male TD Male LS Female TD  Female LS

Lauric acid* C12:0 0.655b 0.8752 1.0152 0.9952
Myristic acid* C14:0 2.5952 2.655? 2.6552 2.5052
Pentadecanoic acid* C15:0 0.4252 0.33b 0.3b 0.285b
14-Methylpentadecanoic acid Cl16:0 0.2052 0.12°
Palmitoleic acid* Cl6:1 1.835b 2.082 1.295¢ 1.22
Palmitic acid* C16:0 17.945b 25.9452 26.755% 28.045%
2-hexylcyclopropanoctanoic acid C17:0 0.165
14-methylhexadecanoic acid* C17:0 0.9952 0.765° 0.69° 0.7052
Linoleic acid* C18:2 17.095° 13.67° 12.775¢ 11.025¢
Oleic acid* C18:1 30.2252 26.84° 29.932 25.665°
Isooleic acid* C18:1 2.8352 2.465%b 2.375b 2.415P
Elaidic acid C18:1 1.39
Stearic acid* C18:0 18.32 16.51¢ 17.95% 19.752
17-Methyloctadecanoic acid C19:0 0.16% 0.142 0.1552
Arachidonate acid* C20:4 0.4152 0.432b 0.47* 0.355¢
Eicosadienoic acid C20:2 0.972 0.42? 0.38?
Eicosenoic acid* C20:1 0.132 0.8252 0.712 0.405°
Arachidic acid* C20:0 0.732 0.772 0.515° 0.485°
Erucic acid C22:1 0.2752 0.16°
Behenic acid* C22:0 0.512b 0.6952 0.31b 0.6952
Tricosanoic acid* C23:0 0.235? 0.29¢ 0.1552 0.282
Nervonis acid C24:1 0.145
Lignoceric acid* C24:0 1.9¢ 3.56" 1.58°¢ 5.185%
Hyenic acid C25:0 0.29

*Fatty acid in all group. Different superscript letter in a row, show significant difference at P<0.05. TD: thoracodorsal,
LS: lumbosacral.

Table 4. Actual abundancy of fatty acid based on total area measurement in gas chromatog-
raphy mass spectrometry

Parameter Male TD Male LS Female TD Female LS
Total area (x 10° unit) 4,056* 2,592.6¢ 3,243.1° 837.7¢
Total area (Sex) 6,684.6%(Male) 4,080.8*(Female)
Total area (Region) 7,299.12(TD) 3,430.3°(LS)
Different superscript letter in a row, show significant difference at P<0.05. TD: thoracodorsal, LS:
lumbosacral.

(C12-C24) were identified while 16 (C12-C24) were found in the LS. The 2 specific fatty acids identified in the female TD group
were 17-Methyloctadecanoic (C19:0) and eicosadienoic acid (C20:2). Lignoceric acid (C24:0) was higher in the LS region both in
males and females compared to the TD as shown in Table 3.

The fatty acids in the Sunda porcupine skin were dominated by oleic (C18:1), palmitic (C16:0), stearic (C18:0), isooleic (C18:1),
linoleic (C18:2), myristic (C14:0) palmitoleic (C16:1), and lignoceric acid (C24:0). Oleic acid (C18:1), palmitic acid (C16:0), stearic
acid (C18:0), linoleic acid (C18:2) were the most abundant with over 10% in all groups as explained in Table 3.

The percentage of some fatty acids between groups varied significantly but the actual abundance based on area measured in GCMS
showed that the fatty acids in the female LS region were significantly lower compared to the other regions (Table 4). Furthermore, the
total abundance in the TD region for both males and females was significantly higher than LS. The male TD and LS showed higher
total abundance compared to the female but the difference was not significant (Table 3), these results correlated with the total lipid
percentage.

Generally, the dominant fatty acids were those with medium-chain (C12-C14), followed by long-chain fatty acids (LCFA) with
15-20 carbon atoms, while the rest were very long-chain fatty acids (VLCFA) with over 22 carbon atoms. There were 14 types of
saturated fatty acids, 3 of them were classified as branched. Moreover, 1 cyclic fatty acid was identified in the male LS group, while
7 monounsaturated and 3 polyunsaturated types were also found.
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DISCUSSION

This study identified fatty acids which originated from sebaceous glands, epidermis, and part of the dermis. Fatty acids contained in
the skin are generally produced from the sweat, sebum, and epidermal cells containing antimicrobial lipids [ 13, 33]. These components
are presumably important parts of the innate defense mechanisms against bacterial infections on the skin surface. Most of the lipids are
composed of fatty acids released from sebocyte triglyceride by the activity of normal flora lipase [9, 23], sebocyte and keratinocytes,
as well as in milk [35-37].

Based on the literature search, there are currently no studies on the fatty acid composition in the Sunda porcupine skin. Meanwhile,
several investigations have been conducted on the fatty acid content in quill of porcupine. For example, Roze et al. [30] in a study on
the antibiotic properties in the quill of North American porcupine as well as Inayah et al. [12] on the nutritional content in the quill
of Sunda porcupine. According to Inayah et al. [12], the quill of Sunda porcupine consists of 0.44% crude fat and 18.6% is mainly
fatty acids. However, the quills used in the study were not specifically classified [12].

Most of the lipid on the epidermis surface is produced by the sebaceous glands, while those synthesized by the epidermis represent
a small fraction of the total lipid, especially in parts of the body that have numerous sebaceous glands [10]. The TD region is known
to have a higher sebaceous glandular density than the LS, but the LS region has larger sebaceous glands [25]. This is because the
glands density is determined by the number of quills that grow on the skin. Several quills grow in the follicle and form a cluster, the
small and flexible types in the TD region culminate in higher growth (1.08 + 0.29 quill cluster/cm?) compared to the LS region where
the quills are bigger and harder (0.32 + 0.07 quill cluster/cm?) [25]. This factor might affect the lipid composition in the region based
on the gland density of quill follicle. Additionally, this might be a factor which contributed to the lower bacteria population in the TD
(2.37 £ 1.91 x 10° cfu/cm?) region due to a higher amount and composition of fatty acid on the skin compared to the LS (2.76 £ 2.2 x
103 cfu/em?) [25], given that one of the roles of fatty acid is antibacterial at certain conditions [2, 5, 14-16, 21]. The alpha tocopherol
in the TD region was also higher compared to the LS with 48.75 and <0.21 nmol/g tissue, respectively [26].

The skin of the male and TD region have more types of fatty acid compared to the female and LS region. Akamatsu et al. [1]
revealed that fatty acid compositions can also be affected by sex hormones such as androgens and estrogens, especially in the sebaceous
glands depending on the location of the gland and the lipid type in sebum. This indicates that estrogen contributes significantly to the
inhibition of sebaceous gland activity [31]. Furthermore, the estrus and early diestrus phase of the female porcupine is predicted to
cause the lower types of fatty acid in females compared to males. A previous study on bacterial population found more colonies in
female with 3.52 + 2.25 x 103 cfu/cm? than in male 1.6 + 1.14 x 103 cfu/cm? [25].

One of the site-depending physiology of the Sunda porcupine skin is observed by immunoreactivity of UCP-1 protein in sebaceous
glands. The TD region showed higher intensity of immunopositive reaction compared to the LS [28]. Additionally, the wound healing
in dorsal skin also exhibited the site-depending factor, where the TD region healed faster than the LS [29].

Based on the results on this study and previous studies on alpha tocopherol [26] and bacterial population on skin surface [25], there
was a positive correlation between the total lipid, fatty acid abundance, and alpha tocopherol. Meanwhile, the bacterial population
had a negative correlation with the total lipid, fatty acid contents, and alpha tocopherol (Supplementary Table 1). The higher amount
of total lipid percentage and fatty acid abundance in the TD region contributed to the lower bacterial population compared to the LS.
These factors might affect the physiology of wound healing in Sunda porcupine.

Unique fatty acids with odd or branched carbon chains are commonly found in the skin and sebum of mammals and rodents.
They also exist as metabolites produced by normal skin flora [22]. Some of the fatty acids with odd and branched carbon chains
found in the skin of Sunda porcupine include pentadecanoic (C15:0), tricosanoic (C23:0), 14-methyl pentadecanoic (C16:0),
14-methylhexadecanoic (C17:0, branched), and 17-Methyloctadecanoic acid (C19:0 branched). One other unique fatty acid is the
cyclic type, 2-hexylcyclopropanoctanoic acid. They are produced by the normal flora on the skin surface, specific feed, or metabolic
products from the fermentation process in the gastrointestinal tract [19].

The composition of sebum is specific to each species of animal [18, 30], in the sebaceous glandular part, GCMS was used to identify
C12 to C25 chains with oleic (C18:1), palmitic (C16:0), stearic (C18:0), linoleic (C18:1), 14-methylhexadecanoic (C17:0), lignoceric
(C24:0), and lauric acid (C12:0) being the most abundant with greater relative content than other fatty acids. This composition is
specific compared to other rodents such as mice, rats, and guinea pigs [34]. The fatty acid in the sebum of common rodents consisted
mostly of n-hexadecanoic acid (C16) in Guinea pig, rabbit, and rat with 15.8%, 24%, and 17.4%, while mono-unsaturated nonadecanoic
acid (C19) in mouse is up to 10% [34].

Several saturated fatty acids with C6-C18 are known to have antibacterial activities at certain temperatures, concentrations, and
time [2, 5, 14-16, 21]. Palmitic (C16:0), 14-methylpentadecanoic (iso C16:0) and oleic acid (18:1) are the major fatty acid in the quil
of North American porcupine, Erethizon dorsatum, with confirmed antibacterial activity against some Gram-positive bacteria, such
as S. aureus and Bacillus cereus [30]. These types of fatty acids were also found in the skin of Sunda porcupine. Palmitoleic (C16:0),
Oleic (C18:1), palmitic (C16:0), stearic (C18:0), linoleic (C18:2), myristic (C14:0) and palmitoleic acid (C16:1) are the most abundant
component of fatty acids in the dorsal region, in both male and female.

Long-chain fatty acids with C20-C25 have several activities in the skin, eicosanoid acid (C20) is a mediator formed from unsaturated
fatty acids and is present in the cell membrane. Eicosanoid is a local hormone that regulates numerous important physiological and
pathological processes such as pain, fever, wound closure, and birth [6, 7]. Other fatty acids with more than 20 carbon found in
the skin on Sunda porcupine are closely related to the ceramide component of the cell membrane in the epidermis and do not have
antimicrobial activity [4]. However, the lignoceric acid which was more abundant in the LS region might be associated with the origin
of the acid. Behenic (C22: 0), nervonic (C24: 1) and lignoceric acid (C24: 0) are known to play a role in the function of nerve cells in
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the form of sphingolipids in cell membranes of the myelin sheath [19]. According to previous studies, several nerve fibers are found
in the quill follicle, especially in the lumbar dorsal and LS region [24, 25].

Based on the results, the fatty acid composition in the dorsal region consists of at least 16 types ranging from C12-C25. The region
in the dorsal trunk and sex contribute to the variation in the composition where the thoracodorsal and male had the highest amount.
These results can be used as basic information for further investigations on Sunda porcupine skin physiology and pathology.

POTENTIAL CONFLICTS OF INTEREST. The authors declare that there is no conflict of interest.

ACKNOWLEDGMENTS. The authors are grateful to the Directorate of Human Resource Qualification, the Directorate General of
Resources for Science and Technology and Higher Education (DG-RSTHE), Ministry of Research, Technology and Higher Education
of the Republic of Indonesia, Program Magister Doktor untuk Sarjana Unggul (PMDSU) No. 29/SP2H/PTNBH/DRPM/2018 and 1468/
IT3.11/PN/2018, and IPB Penelitian Dasar Unggulan Perguruan Tinggi (PDUPT) grant No. 8/EI/KPT/2021 for funding this study. They
are also grateful to Muhammad Risman Wahid, Yuliastuti, Desrayni Hanadhita, and Anisa Rahma, for their assistance.

REFERENCES

1. Akamatsu H, Zouboulis CC, Orfanos CE. 1992. Control of human sebocyte proliferation in vitro by testosterone and 5-a-dihydrotestosterone is
dependent on the localization of the sebaceous glands. J Invest Dermatol 99: 509-511. [Medline] [CrossRef]

2. Altieri C, Bevilacqua A, Cardillo D, Sinigaglia M. 2009. Effectiveness of fatty acids and their monoglycerides against Gram-negative pathogens. Int

J Food Sci Technol 44: 359-366. [CrossRef]

Bligh EG, Dyer WJ. 1959. A rapid method of total lipid extraction and purification. Can J Biochem Physiol 37: 911-917. [Medline] [CrossRef]

Brogden KA, Drake DR, Dawson DV, Hill JR, Bratt CL, Wertz PW. 2011. Antimicrobial lipids of the skin and oral mucosa. pp. 75-81. In: Innate

Immune System of Skin and Oral Mucosa (Dayan N, Wertz PW eds.), Wiley, Hoboken.

Conley AJ, Kabara JJ. 1973. Antimicrobial action of esters of polyhydric alcohols. Antimicrob Agents Chemother 4: 501-506. [Medline] [CrossRef]

Fitzpatrick FA, Soberman R. 2001. Regulated formation of eicosanoids. J Clin Invest 107: 1347—1351. [Medline] [CrossRef]

Fogh K, Kragballe K. 2000. Eicosanoids in inflammatory skin diseases. Prostaglandins Other Lipid Mediat 63: 43—54. [Medline] [CrossRef]

Freedberg IM, Eisen AZ, Wolff K, Austen KF, Goldsmith LA, Katz S. eds. 2003. Fitzpatrick’s dermatology In: General Medicine 6th ed., McGraw-

Hill Professional, New York.

9. Georgel P, Crozat K, Lauth X, Makrantonaki E, Seltmann H, Sovath S, Hoebe K, Du X, Rutschmann S, Jiang Z, Bigby T, Nizet V, Zouboulis CC,
Beutler B. 2005. A toll-like receptor 2-responsive lipid effector pathway protects mammals against skin infections with gram-positive bacteria. /nfect
Immun 73: 4512-4521. [Medline] [CrossRef]

10. Greene RS, Downing DT, Pochi PE, Strauss JS. 1970. Anatomical variation in the amount and composition of human skin surface lipid. J Invest
Dermatol 54: 240-247. [Medline] [CrossRef]

11. Grice EA, Kong HH, Renaud G, Young AC, Bouffard GG, Blakesley RW, Wolfsberg TG, Turner ML, Segre JA. NISC Comparative Sequencing
Program. 2008. A diversity profile of the human skin microbiota. Genome Res 18: 1043—-1050. [Medline] [CrossRef]

12. Inayah N, Farida WR, Purwaningsih N. 2020. Microstructure of quills in sunda porcupine Hystrix javanica (F. Cuvier, 1823). Idn J Biol 16: 81-88.

13. Isaacs CE, Thormar H. 1991. The role of milk-derived antimicrobial lipids as antiviral and antibacterial agents. pp. 159-165. In: Immunology of Milk
and the Neonate (Mestecki J, Ogra PL eds.), Plenum Press, New York.

14. Kabara JJ. 1978. Fatty acids and derivatives as antimicrobial agents: a review. pp 1-14. In: Symposium on The Pharmacological Effectof Lipids, The
American Oil Chemists Society, Champaign.

15. Kabara JJ. 1980. Lipids as host-resistance factors of human milk. Nutr Rev 38: 65-73. [Medline] [CrossRef]

16. Kabara JJ, Swieczkowski DM, Conley AJ, Truant JP. 1972. Fatty acids and derivatives as antimicrobial agents. Antimicrob Agents Chemother 2:
23-28. [Medline] [CrossRef]

17. Mohr E. 1965. Altweltliche Stachelschweine (Verlag AZ ed.), p. 164. Wittenburg, Lutherstadt.

18. Montagna W. 1974. An introduction to sebaceous glands. J Invest Dermatol 62: 120—123. [Medline] [CrossRef]

19. Murray RK, Granner DK, Mayes PA, Rodweli VW. 1993. Harper’s Biochemistry, 23rd ed., Apleton and Lange, Norwalk.

20. Myers P. 2001. “Hystricidae” (on-line), Animal Diversity Web. http://animaldiversity.org/accounts/hystricidae [accessed on Sepember 12, 2015].

21. Nakatsuji T, Kao MC, Zhang L, Zouboulis CC, Gallo RL, Huang CM. 2010. Sebum free fatty acids enhance the innate immune defense of human
sebocytes by upregulating beta-defensin-2 expression. J Invest Dermatol 130: 985-994. [Medline] [CrossRef]

22. Nicolaides N. 1971. The structures of the branched fatty acids in the wax esters of vernix caseosa. Lipids 6: 901-905. [Medline] [CrossRef]

23. Ogbolu DO, Oni AA, Daini OA, Oloko AP. 2007. In vitro antimicrobial properties of coconut oil on Candida species in Ibadan, Nigeria. J Med Food
10: 384-387. [Medline] [CrossRef]

24. Prawira, A.Y., Hanadhita, D., Rahma A., Supratikno, Novelina, S. and Agungpriyono, S. 2018a. Characteristic of skin morphology of Sunda porcupine
(Hystrix javanica) with special reference to the connective tissue. J Kedokt Hewan (Banda Aceh) 12: 23-28.

25. Prawira AY, Novelina S, Darusman HS, Farida WR, Agungpriyono S. 2018b. The dorsal skin structure contributes to the surface bacteria populations
of Sunda Porcupine (Hystrix javanica). Anat Histol Embryol 47: 591-598. [Medline] [CrossRef]

26. Prawira AY, Farida WR, Novelina S, Darusman HS, Agungpriyono S. 2018¢. Vitamin E (Alpha Tocopherol) level in the dorsal skin of Sunda
Porcupine (Hystrix javanica). J Idn Vet Res 2: 56—62.

27. Prawira AY, Novelina S, Darusman HS, Farida WR, Agungpriyono S. 2019. Lectin histochemical study of the quill sebaceous gland in the dorsal skin
of the Sunda porcupine (Hystrix javanica). Biodiversitas (Surak) 20: 1677-1684.

28. Prawira AY, Novelina S, Farida WR, Darusman HS, Warita K, Agungpriyono S, Hosaka YZ. 2020a. Localization of uncoupling protein 1 (UCP-1) in
the sebaceous gland of the dorsal region in the Sunda porcupine (Hystrix javanica). J Vet Med Sci 82: 1729-1733. [Medline] [CrossRef]

29. Prawira AY, Hosaka YZ, Novelina S, Farida WR, Darusman HS, Agungpriyono S. 20205. Morphological evaluation of polysaccharide content and
collagen composition during cutaneous wound healing in the Sunda porcupine (Hystrix javanica). J Vet Med Sci 82: 506-515. [Medline] [CrossRef]

30. Roze U, Locke DC, Vatakis N. 1990. Antibiotic properties of porcupine quills. J Chem Ecol 16: 725-734. [Medline] [CrossRef]

31. Strauss JS, Kligman AM, Pochi PE. 1962. The effect of androgens and estrogens on human sebaceous glands. J Invest Dermatol 39: 139-155.

w

® N @

J. Vet. Med. Sci. 84(9): 1230-1236, 2022 1235


http://www.ncbi.nlm.nih.gov/pubmed/1402009?dopt=Abstract
http://dx.doi.org/10.1111/1523-1747.ep12616181
http://dx.doi.org/10.1111/j.1365-2621.2008.01744.x
http://www.ncbi.nlm.nih.gov/pubmed/13671378?dopt=Abstract
http://dx.doi.org/10.1139/y59-099
http://www.ncbi.nlm.nih.gov/pubmed/4791484?dopt=Abstract
http://dx.doi.org/10.1128/AAC.4.5.501
http://www.ncbi.nlm.nih.gov/pubmed/11390414?dopt=Abstract
http://dx.doi.org/10.1172/JCI13241
http://www.ncbi.nlm.nih.gov/pubmed/11104340?dopt=Abstract
http://dx.doi.org/10.1016/S0090-6980(00)00096-4
http://www.ncbi.nlm.nih.gov/pubmed/16040962?dopt=Abstract
http://dx.doi.org/10.1128/IAI.73.8.4512-4521.2005
http://www.ncbi.nlm.nih.gov/pubmed/5436951?dopt=Abstract
http://dx.doi.org/10.1111/1523-1747.ep12280318
http://www.ncbi.nlm.nih.gov/pubmed/18502944?dopt=Abstract
http://dx.doi.org/10.1101/gr.075549.107
http://www.ncbi.nlm.nih.gov/pubmed/7383442?dopt=Abstract
http://dx.doi.org/10.1111/j.1753-4887.1980.tb05843.x
http://www.ncbi.nlm.nih.gov/pubmed/4670656?dopt=Abstract
http://dx.doi.org/10.1128/AAC.2.1.23
http://www.ncbi.nlm.nih.gov/pubmed/4594422?dopt=Abstract
http://dx.doi.org/10.1111/1523-1747.ep12676775
http://www.ncbi.nlm.nih.gov/pubmed/20032992?dopt=Abstract
http://dx.doi.org/10.1038/jid.2009.384
http://www.ncbi.nlm.nih.gov/pubmed/5163758?dopt=Abstract
http://dx.doi.org/10.1007/BF02531172
http://www.ncbi.nlm.nih.gov/pubmed/17651080?dopt=Abstract
http://dx.doi.org/10.1089/jmf.2006.1209
http://www.ncbi.nlm.nih.gov/pubmed/30203863?dopt=Abstract
http://dx.doi.org/10.1111/ahe.12401
http://www.ncbi.nlm.nih.gov/pubmed/33055467?dopt=Abstract
http://dx.doi.org/10.1292/jvms.20-0412
http://www.ncbi.nlm.nih.gov/pubmed/32213731?dopt=Abstract
http://dx.doi.org/10.1292/jvms.19-0603
http://www.ncbi.nlm.nih.gov/pubmed/24263588?dopt=Abstract
http://dx.doi.org/10.1007/BF01016483

The Journal of

Veterinary

Medical

Science AY PRAWIRA ET AL.

32.
33.

34.

35.

36.

37.

[Medline] [CrossRef]

Van Weers DJ. 1983. Specific distinction in Old World porcupines. Zoo! Gart 53: 226-232.

Welsh JK, Skurrie 1J, May JT. 1978. Use of Semliki forest virus to identify lipid-mediated antiviral activity and anti-alphavirus immunoglobulin A in
human milk. Infect Immun 19: 395-401. [Medline] [CrossRef]

Wheatley VR, James AT. 1957. Studies of sebum. 7. The composition of the sebum of some common rodents. Biochem J 65: 36-42. [Medline]
[CrossRef]

Zouboulis CC, Seltmann H, Neitzel H, Orfanos CE. 1999. Establishment and characterization of an immortalized human sebaceous gland cell line
(SZ95). J Invest Dermatol 113: 1011-1020. [Medline] [CrossRef]

Zouboulis CC, Xia L, Akamatsu H, Seltmann H, Fritsch M, Hornemann S, Riihl R, Chen W, Nau H, Orfanos CE. 1998. The human sebocyte culture
model provides new insights into development and management of seborrhoea and acne. Dermatology 196: 21-31. [Medline] [CrossRef]

Zouboulis CC, Xia LQ, Detmar M, Bogdanoff B, Giannakopoulos G, Gollnick H, Orfanos CE. 1991. Culture of human sebocytes and markers of
sebocytic differentiation in vitro. Skin Pharmacol 4: 74-83. [Medline] [CrossRef]

J. Vet. Med. Sci. 84(9): 1230-1236, 2022 1236


http://www.ncbi.nlm.nih.gov/pubmed/13917704?dopt=Abstract
http://dx.doi.org/10.1038/jid.1962.94
http://www.ncbi.nlm.nih.gov/pubmed/631878?dopt=Abstract
http://dx.doi.org/10.1128/iai.19.2.395-401.1978
http://www.ncbi.nlm.nih.gov/pubmed/13403868?dopt=Abstract
http://dx.doi.org/10.1042/bj0650036
http://www.ncbi.nlm.nih.gov/pubmed/10594745?dopt=Abstract
http://dx.doi.org/10.1046/j.1523-1747.1999.00771.x
http://www.ncbi.nlm.nih.gov/pubmed/9557220?dopt=Abstract
http://dx.doi.org/10.1159/000017861
http://www.ncbi.nlm.nih.gov/pubmed/1715175?dopt=Abstract
http://dx.doi.org/10.1159/000210927

