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ABSTRACT

Background: Asini Corii Colla (ACC) (namely donkey hide gelatin, E'jiao
in Chinese) was one of the most valuable tonic traditional Chinese
medicines which is an infallible remedy to promote hematopoiesis. It
should be produced by fresh or dried donkey hide according to Chinese
Pharmacopeia (2015 edition) with a long-time decoction, while as donkey
and horse (or mule) all belong to equids so their hides or their hide gelatins
are share much in common, that cause the difficult in distinguishing raw
materials donkey hide from horse/mule hide for manufacturer, and the
challenge in the quality evaluation of ACC for regulatory authority to identify
the adulterated with horse hide. Objective: To establish an effective quality
evaluation methods for ACC focused on the qualitative-based identification
of the raw material's authenticity, mainly to identify the species
origin of the gelatins. Materials and Methods: DNA extracted from
(1) Raw materials (hides of donkey, horse, mule, bovine and pig); (2) Five
hide-glues (bovine, pig, donkey, horse and mule hide-glue); (3) 11 batches
of ACC commercial products made by different manufactures from local
drug stores. Polymerase chain reaction (PCR) method with newly designed
horse-specific primers | and primer pair |II. Results: Use the primer pair |, a
234 bp target product could be amplified sensitively from the DNA sample
of horse/mule adulterated commercial ACC products, though the DNA in
commercial products is severely degraded. A 219 bp product could be
amplified specifically from the DNA sample of horse/mule hide, while the
results were all negative for the DNA templates of donkey hide, its gelatin
and ACC products without adulteration. Conclusion: The developed PCR
method based on primer | and Il provide an effective approach to identify
the species origin of highly processed product ACC (primer pair |) as well
as to distinguish the raw material donkey hide (primer pair Il), which might
enlighten a new strategy to the Quality Evaluation of ACC.

Key words: Asini Corii Colla, equids, polymerase chain reaction, quality
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SUMMARY

e Though the quality of commercial Asini Corii Colla (ACC) products varies
greatly and produce with nondonkey hide was one the most common
adulteration, the effective method to constrain such adulteration remains
to be established

e The gelatins made by donkey, horse, bovine, pig, mule shares much
in common with each other, not only in contents of amino acids but also
the profiles of protein in sodium dodecyl sulfate polyacrylamide gel

INTRODUCTION

Asini Corii Colla (ACC) (namely donkey-hide gelatin, E’jiao in Chinese),
recorded in the Chinese Pharmacopoeia (2015 Edition),!"! which has
been used more than 2000 years in China as an infallible remedy, for
replenishing blood or hemostasis,>* suppressing tumor growth** and
improving immunity,”*! the gelatin produced from fresh (or dried)
skin of donkey by a long-time decocting and concentration. However,
as the population of donkey decreased rapidly,"” donkey hides became
deficient and expensive. Herein, the E’jiao products in the market are
usually adulterated by skins from horse, mule, hinny, pig or cattle.
Horse (Equus caballus), donkey (Equus asinus) and their hybrids
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electrophoresis, isoelectric focusing, gel filtration chromatography and
two-dimensional electrophoresis

e The adulteration in ACC by using horse/mule hide, which is most difficult to
detect, could be identified by Polymerase chain reaction methods with newly
designed horse/mule-specific primer.

Commercial ACC

Hide gelatin

DNA from hides
& hide gelatins

[ Extraction and quantification of DNA PCR and detection PCR result for horse/mule hide identification

Abbreviations Used: ACC: Asini Corii Colla; TCMs: Traditional Chinese
Medicines; SDS-PAGE: Sodium dodecyl sulfate polyacrylamide
gel electrophoresis; |EF: Isoelectric focusing; GFC: Gel filtration
chromatography; 2-DE: Two-dimensional electrophoresis; PCR: Polymerase
chain reaction
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including mule (E. asinus x E. caballus) and hinny (E. caballus x E.
asinus), which all belong to equids, share similar characters in
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Figure 1: 8.0% polyacrylamide gel electrophoresis polymerase chain re-
action products amplified with the Equids-specific primer. The PCR was
conducted at anneal temperature 52 °C, 5 ng/pL DNA templates. Lane M,
20 bp DNA ladder marker; lane B, blank control (use water instead of DNA
templates); lane 1, mule hide gelatin; lane 2, donkey hide gelatin; lane 3,
bovine hide gelatin; lane 4, horse hide gelatin; lane 5, pig hide gelatin.

appearance and nature with each other. Therefore, differentiating the
skins and their produced glues from donkey, horse, and their cross
hybrids is a challenging but important task for manufacturer to identify
the right raw material or regulatory authority to evaluate the quality of
ACC effectively.

The chromatographic methods such as high performance
liquid chromatography method for the determination of amino
acids™! (including: L-hydroxyproline, glycine, alanine, L-proline) and
nucleosides” could reflect the quality of the ACC in some degree, while
it seems unfeasible to distinguish the source origin of gelatin considering
the content of amino acid or nucleosides as criterion merely. What’s more,
in our previous study, the protein analysis methods including: Sodium
dodecyl sulfate polyacrylamide gel electrophoresis, two-dimensional
electrophoresis, isoelectric focusing and gel filtration chromatography,
has also been applied for the distinguishing ACC and its adulterants, but
all the results showed that they share much in common, and only a litter
differences may cause by the variation of producing process,” but not
the differences in species.

Thus, the DNA-based technology was considered to achieve the
goal of species identification, as the ACC have DNA residue, though
degraded severely, and the DNA-based technology has been studied
in species identification of food manufacture,'>"*! such as DNA
hybridization,*'*] polymerase chain reaction (PCR),! the methods
based on PCR (PCR product sequencing, PCR-restriction fragment
length  polymorphism (PCR-RFLP), species-specific  primers,
PCR-single-strand conformation polymorphism, random amplified
polymorphic DNAs and DNA barcodes, and its application in traditional
Chinese medicines!"”?!! also gained much attention in recent years.
The DNA-based identification method (combined analysis of nuclear
and mitochondrial gene polymorphism) of the four species (hide of
horse, donkey, hinny and mule) has been reported,”” The PCR-RFLP
method mainly based on the differences of restriction enzyme (Dpn II)
cutting site in their protamine P1 gene (belonging to nuclear gene),
cytochrome b gene (belonging to mitochondrial gene and genes
hereditary character (biparental inheritance for protamine P1 gene and
mitochondrial DNA [mtDNA] follows maternal heritage). However, that
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Figure 2: 8.0% Polyacrylamide gel electrophoresis of the species-specific
polymerase chain reaction products amplified with primer pair | for hide
gelatins. The PCR was conducted at anneal temperature 45 °C, 5 ng/pL
DNA templates. Lane M, 20 bp DNA ladder marker; lane B, Blank Control
(use water instead of DNA templates); lane 1, mule hide gelatin; lane 2,
donkey hide gelatin; lane 3, bovine hide gelatin; lane 4, horse hide gelatin;
lane 5, pig hide gelatin

method cannot be used for the highly-processed ACC products, due to
the DNA molecules are severely degraded into small fragments when it
experienced more than dozens of hours decocting.

With molecular biology and relevant techniques developed in
recent decades, PCR-based technologies, especially the “DNA
barcoding” is the most popular in taxonomic classification. Hebert
et al.® from University of Guelph firstly engaged in taxonomic
system for the animal research has suggested that a DNA-based
identification system, namely “DNA barcoding” mainly founded on
the mitochondrial gene, cytochrome c oxidase subunit I (CO I) for
animal classification, which has a higher genetic variation, then it was
widely used in taxonomy or identification of animals, %’ insects**-3?!
and Chinese medicines.?*’!

Finding the differences of horse, donkey and their hybrids is a challenge
since they are closely related species and have a high degree of sequence
homology. In the present study, based on the sequence data from the
NCBI database for horse and donkey, two pairs of species-specific
primers were designed based on horse CO I gene for standard PCR.
The developed PCR method with the species-specific primers was
successfully applied to detect the components from horse or their
hybrids with donkey.

MATERIALS AND METHODS

Samples

Raw materials (skins) of donkey, horse, mule, cattle and pig were
collected by Gansu Tianshui Xihuang EF’jiao Co., Ltd. (Gansu province,
China) belong to Chongging Taiji Industry (Group) Co., Ltd.
(Chongging, China), and they were confirmed by using the previous
reported methods."*??! Five hide-glues, including bovine-hide glue,
pig-hide glue, donkey-hide glue, horse-hide glue and mule hide-glue,
were self-made according the standard operating procedure of E’jiao
manufacture (provided by the E’jiao factory mentioned above). 11 E’jiao
commercial products by different manufactures were purchased from
local drug stores.

Pharmacognosy Research, Volume 9, Issue 4, October-December, 2017



HUA-LI ZUO, et al.: Identification of the Horse/Mule-hide Adulteration in Asini Corii Colla by PCR

II

I
ntONA
Consensus

5740 5750 5760 5770 5780 5730 5800

5810 5820 5830 sw 5850

TCC!ICTMUBGGGTGTECTCGMT"Mﬁlﬁttﬂl[ﬂt
AGGTGCCOGARCAGGCTGARCCGTATRTCCTCCTCTRGCTGGARATCTGGCGCATGCAGGAGCCTCTGTTGRCTTRACCATTTTCTCTCTCCACCTAGCTGGEGTGTCCTCOATTTTAGETGCCATCARC
$0000esetttstesteststrsttsessestrstsststtsrrsrssrssrsessessrsessessrssssessessssessessssel CLACCTAGCTGOGETGTCCTCGATTTTAGGTGCCATCAAC

5851 5850 5870 5880 5890 SW 5910 5920 5930 590 5950 5$0 5970 5380

+ + |
ITIFI"NZCKIMICMIN[HIMCHIMCCCTRICCCMMTCMCCCCCTMTCGTIYGRTCIGTCCITﬁTIﬁCGGCM"UEUIEICCTHGCCCICCCGGTCCINCFIIMGCRTIH
TTTATTACCACAATCATTRACATRARACCACCAGCCCTATCCCRATATCARACCCCCCTATTCGTTTGATCTGTCCTTATTACGGCAGTACTCCTTCTCCTRGCCCTCCCGGTCCTRGCAGCAGGCATTA
TTTATTRCCACAATCATTARCATARRRCCACCAGCCCTATCCCARTATCARACCCCCCTATTCGTTTGATCTGTCCTTRTTACGGCAGTACTCCTTCTCCTRGCCCTCCCGETCCTRGCAGCAGGCATTA

5981 5990 6000 6010 5020 60!) 6040 6050 5060 6070 6080 6030 6100 6110
| - - - - + |
CCATGCT ICICKMCGTRCTW&TK"ICTICG&ICCCGCWGRGGGGRIC

CCATGCTTCTCACAGACCGTARCCTGARCACTACTTTCTTCGACCCCGCAGGAGGAGGEGATCCARTCCTTTATCAACACCTATTCTGATTCTTCGGACACCCCGRRGTCTATATTCTTATCCTACCAGG
ccaraTTCIcmamtﬁrmcTmm‘KIIICTIcwcccammrc0lOO..QO..'...C'0.0'QQO...0.'.000.0.0.'.00.000..000...0...0..000.00

5721 5730

5920593059059505%0

ClICICCT%CCCTCCCGGTCCTMCMCMGCRTIR
TTTATTRCCACARTCATTRACATARRRCCACCAGCCCTATCCCAATATCARRCCCCCCTATTCGTTTGATCTGTCCTTATTACGGCAGTACTCCTTCTCCTAGCCCTCCCGETCCTAGCAGCAGECATTA
.............................................................................................cIICTCCTMCcICCcmTCCTmCmm"TIa

5981 5390 5000 8010 6020 6030 6040 6050 6060 6070 6080 6030 6100 6110

+ + + + * * * + +

CL‘RTGCTTCTCKMCGTMCUWKIKTHCUCGR
CCATGCTTCTCACAGACCGTRRCCTGARCACTACTTTCTTCGACCCCGCAGGRGGAGGGGATCCARTCCTTTRATCARCACCTRTTCTGATTCTTCGGACACCCCGARGTCTATATTCTTATCCTACCAGG
ccatalICIcmmcGTmccImmlm‘ITc‘Icm..0...'...........OO.....0.........I.........0.'.....'..'........O....O..."......I..'.

5370 5980

5851 5860 5870
|

+ +

5880 5830 5300 5910

Figure 3: Alignment results of Band | and Band Il to Equus caballus mitochondrial DNA

Chemical and biological reagents

Nucleotide Removal Kit (Cat. No. 28304, QIAquick®, QIAGEN Group,
Duesseldorf, Germany). Premix Ex TaqTM Hot Start Version (Code,
DRRO030A, Takara Biotechnology, Dalian, China), Premix LA
Taq® (Loading dye mix) (Code, D336A, Takara Biotechnology, Dalian,
China), 20 bp DNA Ladder Marker (Code, D521, Takara Biotechnology,
Dalian, China), DL2,000 DNA Marker (Code, D501A, Takara
Biotechnology, Dalian, China), restriction enzyme Dpn II (code R0543S,
NewEast Biosciences), GelRed™ Nucleic Acid Gel Stain, 10000 X in
Water (Cat. No. 41003, Biotium, Hayward, CA). And the other chemicals
used for the experiments were of molecular biology grade and were
purchased from Sangon (Sangon Biotech Co., Ltd., Shanghai, China). All
glasswares and plasticwares and the buffers prepared in Milli-Q water
were autoclave sterilized at 15 lbs for 20 min before use.

Primers design. Two pairs of primers were designed from mtDNA,
cytochrome c oxidase subunit I (CO I) gene, which generally accepted that
it can served as the core of a global bio-identification system for animals.?’!
There are researches for the identification of horse and donkey by real-time
PCR, whose primers were designed based on mtDNA.®**! Furthermore, the
widely used DNA barcodes by taxonomic expertise in taxonomy mainly base
on mtDNA CO I gene which can diagnose most closely allied species.?! In
the present study, the E. caballus mtDNA sequence (GenBank Accession No.
NC_001640, 16660 bp), the E. asinus mtDNA sequence (GenBank Accession
No. NC_001788, 16670 bp) and E. caballus COI gene sequence (GenBank
Accession No. JN850774, 658 bp) were obtained from NCBI database. The
sequence aligned by Florence Corpet.*”!

Due to the absent information of E. asinus CO I gene and the alignment of
E. caballus shows its CO I gene located on the 5409-6066 bp of mtDNA.
Thus the E. caballus CO 1 gene eventually aligned with the E. asinus
mtDNA segment (5409-6066). Assisted with the primer designing tool
Primer Premier 5.0 and specificity check function of NCBI, two pairs of

Pharmacognosy Research, Volume 9, Issue 4, October-December, 2017

primers were picked out from E. asinus CO I gene:

Primer pair I:

Forward primer (SEQ-1): 5-TCCACCTAGCTGGGGTGTCC-3’
Reverse primer (SEQ-2): 5-GATCCCCTCCTCCTGCGGGG-3

Primer pair II:

Forward primer (GQ-1): 5-TCTCCACCTAGCTGGGGTGTCC-3’
Reverse primer (GQ-2): 5-GGGGTCGAAGAAAGTAGTGTTCAG-3
In addition, another primer pair based on short interspersed nuclear
element (SINE), for the identification of Equids, was designed based on
previous report: %)

Primer pair Equids:

Forward primer: 5-CACTTGAACTACAGCTCAGC-3

Reverse primer: 5-GTGGTTCCGTCATAGCAG-3

Instruments

Water-bath (Gongyi Yuhua Instrument, HH-ZK4, China), shaker (JinTan
HONGKE Instrument, HY-5, China), centrifuge (Eppendorf centrifuge
5415D, Germany), ultraviolet (UV) spectrophotometer (Shimadzu,
UV-2450, Japan), Thermal cycler system (Bio-Rad, SI000TM, USA),
electrophoresis supply (Bio-Rad, PowerPac 300, USA) and tank (Bio-Rad,
Mini-PROTEAN Tetra, USA), Biorad ChemiDoc XRS (Bio-Rad,
IMAGEQUAMT400, USA).

DNA extraction

DNA extraction of hide-glues and E’jiao product: About 0.5 g powder
of sample glue mixed with 3000 uL digesting buffer (10 mM Tris-HCI,
25 mM EDTA, 100 mM NaCl, 0.5% SDS, pH 8.0) in a 5 mL centrifuge
tube, and pre-warm to 58°C in water bath until the solid samples were
totally dissolved, centrifuge at x 12000 g for 5 min, discard the oily
material that presented at the top of the tube and transferred 300 uL of
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Figure 4: 8.0% Polyacrylamide gel electrophoresis of the species-specific
polymerase chain reaction products amplified with primer pair | for E'jiao
products. Lane M, 20 bp DNA ladder marker; lane P, Positive Control; lane
B, Blank Control; lane C, E'jiao provided by Taiji Group; lane 1~lane 11,
E'jiao produced by other different manufactures

the middle digested sample buffer to a new 1.5 mL tube, then add 20 uL
Proteinase K, blend well and incubate at 58°C for 2 h; Next, centrifuge
at x 12000 g for 3 min, discard the oily substance and precipitate (repeat
2-3 times), transferred 50 pL supernatant to a new 1.5 mL tube for the
DNA extraction according to the instruction of Nucleotide Removal Kit.

DNA extraction of dry hide

One hundred mg of dry hide (vortex in 75% ethanol, to remove the
exogenous DNA, then dried by air) was cut into granules and placed
into a 1.5 mL tube with 400 uL digest buffer and 20 uL Proteinase K.
The tube was incubated in a water bath (58°C) until the tissue was
digested completely (normally more than 12 h), centrifuged for 5 min
at x 12000 g to precipitate any undigested tissues, then transferred 200 UL
of the supernatant into a new 1.5 mL tube (It should avoid transferring
any undigested material from the bottom of the tube or any oily material
that may present at the top of the tube), then extract DNA following the
instruction of Nucleotide Removal Kit.

For the extracted DNA samples

Five microliter used to quantity detection and the rest were kept in a
refrigerator (-20°C) until use.

DNA quantification

Five microliter DNA extraction was diluted by TE buffer to 500 uL, and
detected on a UV spectrometer. The absorption at 260 nm and 280 nm
was recorded for purity identification and quantitation of the extracted
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Figure 5: 8.0% Polyacrylamide gel electrophoresis of the species-specific
polymerase chain reaction products amplified by primer pair | applied in
hide identification. Lane M, DL2,000 DNA marker; lane P, Positive Control;
lane B, Blank Control; lane 1, donkey hide DNA; lane 2, mule hide DNA;
lane 3, horse hide DNA; lane 4, bovine hide DNA; lane 5, donkey hide DNA;
lane 6, donkey hide DNA

DNA samples. (While for DNA samples from commercial E’jiao
products, the UV absorption is too weak to quantification)

Polymerase chain reaction amplification

Polymerase chain reaction solutions

A 10 uL reaction system was adopted, containing 5 pL premix ExTaqTM
Hot Start version (x2 solution), 3 UL primers working solution, 2 uL
DNA templates (concentration varies from different purpose of the
experiments: For the inspection of the primers specificity to horse, and
to confirm the anneal temperature, 10 ng/uL was employed, while for
the sensitivity test, the concentration of the horse DNA templates were
diluted to 107 ng/uL, for commercial products detection, the DNA
extraction was used without dilution).

Amplifying program
Place the reactions in the thermal cycler and run the PCR cycling
program shown in Table 1.

Detection of polymerase chain reaction products

The PCR products were separated by 8% nondenatured polyacrylamide
gel, at 100 V for 50 min, and after the electrophoresis, the gels were stained
in 10 mL GelRed working solution (10 uL GelRed x 10000 in water stock
solution diluted in 50 mL 1 mol/L NaCl solution) for 30 min on shaker.
Then observed and recorded the results by Biorad ChemiDoc XRS.

RESULTS AND DISCUSSION

The amplification results of DNA extracted from five self-made hide glue
by primer pair Equids were shown in Figure 1.

The results indicated that: horse, mule and donkey are all belonged to
Equids, use the PCR reaction was positive with Equids-specific primer
under suitable conditions, wile for non-Equids DNA, like bovine and
pig, the amplification was negative; and the reported Equids-specific
primer used in PCR failed to distinguish the donkey from horse and
mule.

The Figure 2 shows the amplification results of DNA extracted from five
self-made hide glue by primer pair I.

Pharmacognosy Research, Volume 9, Issue 4, October-December, 2017
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Figure 6: 8.0% Polyacrylamide gel electrophoresis of the species-specific
polymerase chain reactionPCR products amplified with primer pair Il for
DNA from hide gelatins. The PCR was conducted at anneal temperature
55 °C, 5 ng/uL DNA templates were used. Lane M, 20 bp DNA ladder
marker; lane 1, horse hide gelatin; lane 2, mule hide gelatin; lane 3,
donkey hide gelatin; lane 4, pig hide gelatin; lane 5, bovine hide gelatin

Table 1: Polymerase chain reaction cycling program

Segment Number of cycle Temperature (°C) Duration
1 1 94 5 min
2 35 94 30s
45-60 30s
72 30s
3 1 72 7 min
4 1 4 oo

The horse and mule show the same positive band, and pig, donkey,
bovine is negative. Sequencing results of Band I (234 bp) was totally
match the target sequence on E. caballus mtDNA CO I gene, as shown in
Figure 3. The Band II was unexpected, but also specific to horse and mule
DNA, and the sequencing results shows it was part of Band L.

The developed PCR method was applied to analyze the commercial
E’jiao products. The results [Figure 4] showed that the collected E’jiao
samples may be adulterated by horse or mule except the E’jiao provided
by Taiji Group. Furthermore, the developed method was applied in the
identification of different skins (hides), but false positive results often
occurred [Figure 5].

To improve the specificity of the primer, it was redesigned based on
primer pair I. The primer pair IT was the optimized result, and successfully
applied in self-made glues and hides for horse or mule origin detection,
the results were shown in Figures 6 and 7.

The PCR method based on primer I can be applied in authenticity
identification of highly processed E’jiao product, due to it is easily to
operate and have enough sensibility to amplify the trace and highly
degraded DNA. But it is not suitable for identification of skin, which
genome DNA preserved relatively intact, false positive results are likely
to occur. Thus, the primer II redesigned based on primer I can be used
in distinguishing of horse or mule hide (skin) from donkey hide exactly.

CONCLUSION

In the present study, a PCR method with two primers (I and II) based on
E. caballus mtDNA CO I gene were developed for authentication of the

Pharmacognosy Research, Volume 9, Issue 4, October-December, 2017

40 bp—

Figure 7: 8.0% Polyacrylamide gel electrophoresis of the species-specific
Polymerase chain reactionPCR products amplified by primer pair Il
for hides’ DNA. The PCR was conducted at anneal temperature 55 °C, 5
ng/uL DNA templates were used. Lane M, 20 bp DNA ladder marker; lane
B, Blank Control; lane 1, mule hide DNA; lane 2, horse hide DNA; lane 3,
bovine hide DNA; lane 4, donkey hide DNA; lane 5, donkey hide DNA

raw materials (skins) and final products of ACC. The research provides
an effective approach to detect the adulteration from horse or mule and
in some degree to guarantee authenticity of the source for ACC products.

ACC is a deeply manufactured product and its main constituent is
protein, the current quality evaluation methods recorded in Chinese
Pharmacopeia (2015 edition) have covered the limitation of the
harmful ingredients (like heavy metal), or the control of the content
of protein (amino acids), while the judgment only depends on
traditional method maybe sometimes incorrect and use these methods
to identify the adulteration seems powerless. The qualitative-based
DNA relevant method is easily to control and proved to be valid,
which might act as a supplementary of current quantitative methods
to realize the comprehensive evaluation and control on the quality
of ACC.

Acknowledgment

This work was supported by the National Natural Science
Foundation of China (21275169 and 81202886). Project No.
CQDXWL-2012-028 supported by the Fundamental Research Funds
for the Central Universities. Project No. RC20120027 supported by the
Chongging Postdoctoral Funds.

Financial support and sponsorship
Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. China Medical Science Press. Pharmacopoeia of the People's Republic of China.
2015" ed., Vol. I. Beijing: China Medical Science Press, The Pharmacopoeia
Commission of PRC; 2015. p. 189-90.

2. Wang D, Ru W, Xu Y, Zhang J, He X, Fan G, et al. Chemical constituents and
bioactivities of Colla corii asini. Drug Discov Ther 2014,8:201-7.

3. LiuM,Tan H, Zhang X, Liu Z, Cheng Y, Wang D, et al. Hematopoietic effects and
mechanisms of Fufang E’jiao Jiang on radiotherapy and chemotherapy-induced
myelosuppressed mice. J Ethnopharmacol 2014;152:575-84.

317



HUA-LI ZUO, et al.: Identification of the Horse/Mule-hide Adulteration in Asini Corii Colla by PCR

~

318

. Yang GR, Li SZ, Liu N, Yang YM. Effects of modified huanglian Ejiao decoction

on expression of TIMP-1 in cisplatin-induced nephrotoxicity rats. Acta Acad
Med Jiangxi 2009;49:23-6.

. Tan QX, You D, Zhou MQ. Application of composite extract of donkey-hide

gelatin in the tumor patients chemotherapy. Mod J Integr Tradit Chin Med West
Med 2009;18:4502-3.

. Liu PM, You JH, Tian SS, Xie XJ, Xie FS. Animal experiment of the medicine

containing blood serum of Ejiao induced lung cancer PG cell apoptosis. Pr J
Med Pharm 2005;22: 426-7.
Li Z, Chen BF, Huang JM, Huang JK, Huang Q, Tan JB. Effects of gelatina Nigra
on cytoimmunity and humoral immunity function in mice. Chin J Health Lab
Technol 2008;18:1426-7, 37.

. Liu QF Advances in pharmacological research of Ejiao. J Henan Univ (Med Sci)

2003;22:64-6.

. Zhao J, Zuo HL. Content determination of nucleosides compound in Equus

asinus products from different manufactures. Chin Pharm 2012;23:3050-2.

. Ivankovic A, Kavar T, Caput P Mioc B, Pavic V, Dovc R et al. Genetic diversity

of three donkey populations in the Croatian Coastal Region. Anim Genet
2002;33:169-77.

. Jiang PF Zhao ZJ, Qing HY, Liu JG, Wang ZD. Comparative studies on the

quality of gelatins from donkey-hide, pig-hide, cattle-hide, horse-hide and mixed
animal hides I. Analysis of amino acid. Nat Prod Res Dev 1991;3:49-59.

. Martinez |, Malmheden Yman |. Species identification in meat products by

RAPD analysis. Food Res Int 1998;31:459-66.

. Lockley AK, Bardsley RG. DNA-based methods for food authentication. Trends

Food Sci Technol 2000;2000:67-77.

. Hunt DJ, Parkes HC, Lumley ID. Identification of the species of origin of

raw and cooked meat products using oligonucleotide probes. Food Chem
1997,60:437-42.

. Buntjer JB, Lenstra JA, Haagsma N. Rapid species identification in meat by

using satellite DNA probes. Z Lebensm Unters Forsch 1995;201:577-82.

. Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT, et al.

Primerdirected enzymatic amplification of DNA with a thermostable DNA
polymerase. Science 1988;239:487-91.

. Wang XM, Niu XL, Wei NN, Ji KR ITS sequence used as DNA barcode applied in

Chinese herb Abrus cantoniensis. Genom Appl Biol 2012;40:603-8.

. Chen SL, Pang XH, Yao H, Han JP, Luo K. Identification system and perspective

for DNA barcoding traditional Chinese materia medica. World Sci Technol
2011;13:747-54.

. Lv R Zhao Y, Qi F Zhou X, You J, Qin Y, et al. Authentication of equine DNA

from highly processed donkey-hide glue (Colla corii asini) using SINE element.
J Food Drug Anal 2011;19:123-30.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Wang Y, Xu L, Xu G, Zhou K. Prospects of application of DNA molecular
genetic marker to pharmacognostical identification. Zhongguo Zhong Yao Za
Zhi 1997,22:583-6, 638.

Wang JJ, Zhang GJ, Bai GB. Study on endonuclease cutting of 18s rRNA gene
in five animal drugs in cluding Scolopendra. Chin Pharm J 2002;37:5682-4.
Zhao CJ, Han GC, Qin YH, Wu Ch. Differentiating among horse (Equus caballus),
donkey (Equus asinus) and their hybrids with combined analysis of nuclear and
mitochondrial gene polymorphism. J Anim Breed Genet 2005;122:285-8.
Hebert PD, Ratnasingham S, deWaard JR. Barcoding animal life: Cytochrome
¢ oxidase subunit 1 divergences among closely related species. Proc Biol Sci
2003;270 Suppl 1:596-9.

Hebert PD, Stoeckle MY, Zemlak TS, Francis CM. Identification of birds through
DNA barcodes. PLoS Biol 2004;2:€312.

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert PD. DNA barcoding Australia’s
fish species. Philos Trans R Soc Lond B Biol Sci 2005;360:1847-57.

Yoo HS, Eah JY, Kim JS, Kim YJ, Min MS, Paek WK, et al. DNA barcoding korean
birds. Mol Cells 2006;22:323-7.

Kerr KC, Stoeckle MY, Dove CJ, Weigt LA, Francis CM, Hebert PD, et al.
Comprehensive DNA barcode coverage of North American birds. Mol Ecol
Notes 2007;7:535-43.

Hubert N, Hanner R, Holm E, Mandrak NE, Taylor E, Burridge M, et al.
Identifying Canadian freshwater fishes through DNA barcodes. PLoS One
2008;3:€2490.

Chow S, Inoue S. Intra-and interspecific restriction fragment length
polymorphism in mitochondrial genes of Thunnus tuna species. Bull Natl Res
Inst Far Seas Fish 1993;30:207-25.

Hebert PD, Penton EH, Burns JM, Janzen DH, Hallwachs W. Ten species in
one: DNA barcoding reveals cryptic species in the neotropical skipper butterfly
astraptes fulgerator. Proc Natl Acad Sci U S A 2004;101:14812-7.

Hajibabaei M, Janzen DH, Burns JM, Hallwachs W, Hebert PD. DNA
barcodes distinguish species of tropical lepidoptera. Proc Natl Acad Sci U S A
2006;103:968-71.

Fan JA, Gu H, Chen S, Mo B, Wen Y, He W, et al. Species identifcation of
36 kinds of fruit flies based on minimalist-barcode. Chin J Appl Environ Biol
2009;15:215-9.

Chen SL, Yao H, Song J, Li XW, Liu C, Lu JW. Use of DNA barcoding to identify
Chinese medicinal materials. World SciTechnol 2007;9:7-12.

Tanabe S, Hase M, Yano T, Sato M, Fujimura T, Akiyama H, et al. A real-time
quantitative PCR detection method for pork, chicken, beef, mutton, and
horseflesh in foods. Biosci Biotechnol Biochem 2007;71:3131-5.

Chisholm J, Conyers C, Booth C, Lawley W, Hird H. The detection of horse and
donkey using real-time PCR. Meat Sci 2005,;70:727-32.

Pharmacognosy Research, Volume 9, Issue 4, October-December, 2017



