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Abstract. Myrrha, the gum resin exudate from Commiphora myrrha (Nees) Engl. tree, has been extensively used in traditional
medicine for their beneficial effects. In this work, we isolated and purified water-soluble polysaccharide fraction (WSP), which
afforded a yield of 42%. The chemical composition of WSP was mainly consisted of 83.33+2.63% carbohydrates, among them
79.25+1.06% are neutral monosaccharides and 13.4+ 2.18% proteins, with traces of polyphenols (3.82%): The majority components
of monosaccharides were galactose (45%) and arabinose (44%), with low levels of xylose (6%), and mannose (5%): In order to
evaluate the immunostimulatory effect of WSP, phagocytic activity of opsonized human leucocytes against opportunist pathogen
yeast, Candida albicans, was assessed. WSP could significantly (p < 0.05) enhance phagocytic capacity at the dose of 150 pg/ml,
which showed a phagocytic activity of 29%. Moreover, the antihyperglycemic activity of extract was determined by o-D-
glucosidase inhibitory activity, in vitro. WSP displays a promising inhibitory activity with an ICs, value of 8.30+0.12 mg/mL. The
results of this work provide new knowledge in the field of chemical composition and biological activities of polysaccharides of
Commiphora myrrha gum and might play an important role in activating phagocytosis leucocytes cells, thus having contribution to

antidiabetic activity.
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INTRODUCTION

Commiphora myrrha (Nees) Engl. is a small tree or
a large shrub, belonging to order Sapindales, family of
Burseraceae, and genus Commiphora, which found in
abundance in northeast Africa and the Middle East [3,
31]. There are over 200 species of Commiphora
known, but Commiphora myrrha (Nees) is recognized
as the best for its widespread use and for the quality of
its myrrh, an aromatic gum resin, which is the stem
resinous exudate of different Commiphora species [10,
16, 29]. The myrrh is one of the most frequently used
gum resin in the prescriptions of traditional medicines
in the world as a remedy for auto-immune diseases and
inflammatory problems, such as rheumatic pains,
amenorrhea, fever, stomach complaints, gall bladder,
nephrosis syndrome, tumors, chest ailments, snake and
scorpion bites, mouth ulcer and skin infections in
ancient Egypt, India, China, Rome, Greece, and
Babylon [4, 15, 22, 25, 26].

Preliminary researches have indicated that myrrh
contained about 3—8% essential oil, 25-40% resins and
30-60% water-soluble gum [16, 32]. The myrrh
contained many bioactive metabolites including
flavonoids, terpenoids, steroids, lignans, carbohydrates,
and long chain aliphatic alcohol derivatives [4, 5]. The
furanosesquiterpenoids hold in essential oil are
acknowledged worldwide because of their beneficial
uses, which have been found to possess antibacterial,
antifungal,  anestheticc, ~and  antihyperglycemic
properties [4, 12, 29]. Su et al. [29] was reported that
ethanolic extract of the myrrh inhibited the
development of paw swelling induced by formalin and
reduced acetic acid-induced writhing response in mice
at the weak doses. It has been also shown that, the
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pharmacological activities of the petroleum ether
fraction decreased the levels of inflammatory factor
PGE2 in the edema paw tissue. Al-Awadi et al. [2]
have been shown that the extract of myrrh gum resin
effectively increased glucose tolerance in both normal
and diabetic rats. Tipton et al. [31] suggest that myrrh
oil has anti-inflammatory properties, which determined
myrrh oil effect on IL-1B-stimulated PGE2 production
and NF-kB activation in gingival fibroblasts and
epithelial cells. Furthermore, the furano -eudesma-1, 3-
diene and 2-O-acetyl-8, 12- poxygermacra- 1(10), 4, 7,
11-tetracne, isolated by sequential extraction with
aqueous ethanol and petroleum ether from the resin of
Commiphora myrrha reported antihyperglycemic effect
[33]. Zhu et al. [38] have isolated from Commiphora
myrrha Six furanosesquiterpenoids, among of these
compounds the epoxy-furanogermacr-10(15)-en-6-one
which exhibited weak cytotoxic activities against a
breast tumor cell in a clonogenic assay.

Most of the articles about myrrh have been focused
on its resin and oil properties, such as chemical
structure, pharmaceutical and therapeutic applications.
Although, it has been demonstrated that myrrh is rich
in polysaccharides, which may contribute to their
biological functions. Just a few reports have only
studied the chemical structure of polysaccharides [16],
which shown that gum myrrh contains D-galactose, L-
arabinose, and 4-methyl D-glucuronic acid in
proportions 4: 1: 3, and approximately 18% of protein.

In this article, we will present for the first time the
biological potential of water-soluble polysaccharides
fraction extracted from Commiphora myrrha exudates
produced by the secretory tissue in the stem bark after
chemical analyzes. The aim of this study is to
determine the composition and to evaluate the



Boual, Z., Pierre, G., Kemassi A., Mosbah, S., Benaoun, F., Delattre, C., Michaud, P., OULD EL HADJ, M.D. - Chemical composition and biological activities of water-

soluble polysaccharides from Commiphora myrrha (Nees) Engl. gum

antihyperglycemic and immunostimulatory effects of
this fraction, which, to the best of our knowledge, has
never been done so far.

MATERIALS AND METHODS

Raw material and chemicals. The gum resin from
the stem of C. myrrha was purchased from the
Algerian (Spice) Market, Ghardaia, Algeria and was
identified as gum resin derived from Commiphora
myrrha (Nees) Engl. by Prof. EDDOUD (Department
of biology, Kasdi Merbah University, Ouargla,
Algeria). The sample is referenced in the laboratory
herbarium (Lot No. GCM-1808). May- Griinwald-
Giemsa reagent, and PBS buffer were purchased from
Sigma, Germany. Zymosan-A (Saccharomyces
cerevisiae origin) were purchased from Fluka (Bio
Chemika). Standard monosaccharides (including
arabinose, rhamnose, xylose, galactose, glucose,
mannose and galacturonic acid), metahydroxydiphenyl,
trifluoroacetic acid (TFA). a-glucosidase, acarbose,
and p-nitrophenyl a-D-glucopyranoside (pNPG) were
purchased from Sigma-Aldrich (Germany). The human
peripheral blood was obtained from healthy donors
ranging from 20-35 years old. Whole blood was
collected in a vacutainer consisting of NH sodium
Heparin as anti-coagulant, during routine physical
examinations from Ghardaia province. This study was
approved by the institutional review board of the Kasdi
Merbah University (Ouargla, Algeria) and IBN
ROCHD Medical Analysis Laboratory (Ghardaia,
Algeria), and all participants provided informed
consent prior to blood sampling. All other used
chemicals were of an analytical grade.

Polysaccharides extraction. The raw gum-resin of
C. myrrha (10 g) was first exhaustively extracted with
100 mL of 96% ethanol, refluxing during 3 hours with
stirring at 95°C. After centrifugation at 10000g during
15 min at room temperature, the insoluble residue was
dried at 50°C in an oven overnight. Therefore, the
pretreatment yield was 42.29%. A quantity of 1 g of
dried insoluble residue was dispersed in 100 mL of
ultrapure water at 80°C during 4 h under stirring (250
rpm). The mixture was centrifuged at 10000xg during
20 min at room temperature. The mixture was
successively filtered through diatomaceous filters, and
then was passed through a 5.0 um GVS filter and
Chromafil filters 0.45 um. Three vol. of acetone were
added and stored at -20°C during 24 h. The formed
precipitate was centrifuged at 10000xg during 15 min
at room temperature and washed 3 times with acetone
and freeze-dried. This fraction called water-soluble
polysaccharides (WSP).

Chemical composition of WSP. Moisture and ash
content of WSP were measured by thermal gravimetric
analysis realized between 30 and 900°C at a heating
rate of 10°C/min under nitrogen. Total carbohydrate
content was determined by phenol-sulfuric acid
colorimetric method using glucose as a standard at 490
nm [11]. Total neutral sugar content was determined by
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the sulfuric resorcinol (1,3-dihydroxybenzen) method
using glucose as a standard [23]. The quantitative
estimation of uronic acid was carried out using m-
hydroxydiphenyl assay with glucuronic acid as a
standard [6]. The proteins content was estimated by the
Coomassie Brilliant Blue G-250 method using bovine
serum albumin as a standard [7]. Total phenolic
compounds were determined by the Folin-Ciocalteu
procedure using gallic acid as standard [28].

Determination of the monosaccharide’s
composition by GC/MS-EI. Ten mg of WSP were
dissolved in 2 M HCI (2 mL) and heated at 90 °C
during 4 h. The preparation was then evaporated under
nitrogen stream. BSTFA: TMCS (99:1) derivatization
was performed by adapting methods from Pierre et al.
[24]. Trimethylsilyl-O-glycosides residues were
solubilized by adding 500 pL of dichloromethane.
Analyses were carried out by GC/MS-EI using an
Agilent 6890 Series GC System coupled to an Agilent
5973 Network Mass Selective Detector. The solutions
were injected into an Agilent HP-1 (30 m, 0.32 mm,
0.25 pum) at a helium flow of 2.3 mL/min. The helium
pressure was 8.8 psi and the split ratio was 25:1. The
rise in temperature was programmed for a first step at
100 °C during 3 min, an increment of 8 °C/min up to
200 °C for 1 min and then a final increment of 5
°C/min up to 250 °C. The ionization was performed by
Electronic Impact (EI, 70 eV), the trap temperature was
set at 150 °C and the target ion was fixed at 40-800
m/z.

Phagocytosis Assay. The phagocytic ability of
polymorphonuclear leukocytes (PMNs) from human
peripheral blood was measured using Candida albicans
yeast. Briefly, Candida albicans (ATCC 2091) was
inoculated into Sabouraud liquid broth from a stock
culture maintained on a Sabouraud agar slope and left
overnight at 30°C. The culture was centrifuged at 400g
during 10 min and the supernatant was washed three
times with phosphate-buffered saline (PBS) and
incubated at 90°C during 1 h to kill Candida. The
concentration of cells in PBS is estimated by
measuring absorbance at 540 nm. The absorbance is
adjusted to 1.0 which corresponds to 1 x 10’
blastoconidia of C. albicans / mL, approximately [14,
30]. A total of 40 pL of WSP were mixed with 200 uL
heparinized blood and incubated in closed shaking
water bath at 37 °C for 60 min (60r/min). After that,
tubes were put on ice to stop the reaction. Mixed
samples were added with 40 puL of C. albicans at 0 °C.
Samples were incubated in shaking water bath at 37 °C
for 10 min, while for negative control; the samples
were put on ice. After incubation, the samples were put
on ice to stop reaction. Next, the samples were washed
twice with 3 mL of PBS and were added 2 mL of
lysing solution to lyse erythrocytes and incubated at
room temperature during 20 min. Zymosan was used as
a positive control. After lysing, PMNs were washed
with PBS by centrifugation at 1000 rpm during 5 min
three times and then fixed in ethanol. The fixed
specimens were mounted on the glass slide and stained
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with May-Griinwald-Giemsa. The cells with and
without phagocytized yeasts out of a total of at least
100 cells were counted by direct visual enumeration
using a light microscope (1000x).

In vitro o-D-glucosidase inhibitory activity
assay. The inhibitory effect of WSP on o-D-
Glucosidase activity was determined according to a
previously reported method with slight modifications
[35]. Commercial a-D-glucosidase inhibitor acarbose
was used as a positive control. In brief, 10uL of
polysaccharides extracts in the range of 2.5-10 mg/mL
or standard (acarbose, 10ul) in range of 1-100 mM
concentration was mixed with 125 ulL of 4 mM p-
Nitrophenyl-a-D-glucopyranoside  (pNPG) solution
(dissolved in 0.1 M pH 6.9 phosphate buffer) and 500
uL of 1U/mL enzyme solution was added. The reaction
mixture was incubated for 10 min at 37°C and the
reaction was stopped by adding 0.4 mL of 0.2 M
Na,CO;. The enzyme activity was calculated
measuring the absorbance of pNP released at 405 nm
using the following formula for Zhang and Li [36]; (%)
Inhibition= (AA Negative control™ ASample)/ AA Negative control-

Statistical analysis. The data shown are expressed
as mean = SD. Significance of difference was
calculated by Student's t-test.

RESULTS

Chemical composition. The Commiphora myrrha
gum is traditionally used in Algeria as a remedy for
many inflammatory problems, but there is limited
information on their chemical composition. Almost
42% of gum-resin was insoluble in ethanol. Chemical
analysis revealed that this fraction (WSP) contained
83.33+2.63% of neutral monosaccharides, 9.4+ 2.18%
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of proteins and low contaminated by phenolic
compounds (< 1%), with 4.6 + 0.1% moisture content
and 3.73 + 0.18% of ashes. it appeared to cause the
high adhesivity observed in gum aqueous solutions.

Monosaccharide composition. The sugar analysis
of WSP using GC/MS-EI revealed the following
composition: galactose (45%), arabinose (44%), xylose
(6%) and mannose (5%). The presence of uronic acid
was not confirmed (Fig. 1). According to these results,
the composition suggested that the water-soluble
polysaccharides extracted from C. myrrha is an
arabinogalactan -like polymer as described into
literature for Commiphora gum. The ratio arabinose
/galactose is close to 1.

Biological activities

Effect of WSP on phagocytic activity of
polymorphonuclear leukocytes. One of the important
notable features of polymorphonuclear leukocytes
activation would be an increase in phagocytic activity
[8]. To further investigate whether WSP stimulate
immune system, we measured phagocytic activity of
PMNs from human peripheral blood. Phagocytic
activity of PMNs cells was examined by the uptake of
opsonized C. albicans. The phagocytic index recorded
after 10 min of incubation for C. albicans was
different, according to the concentrations ranging from
50 pg/mL to 150 pg/mL with the respective result of
negative control, zymosan, and WPS. In the negative
control (absence of any treatment), the phagocytic
index was 2742 %, whereas a significant enhancement
of phagocytic index was observed in PMNs treated
with WSP (Table 1). The results show that a dose-
dependent enhancement of phagocytic index was

GAL
16.438
Ara

15.802

17.686

MAN
16.006

12.0 124 128 13.2 13.6 14.0

14.4

14.8

15.2 15.6 16.0 16.4 16.8 17.2 17.6

Retention time (min)
Figure 1. GC/MS-EI spectra of TMS-monosaccharides from the WSP

52



Boual, Z., Pierre, G., Kemassi A., Mosbah, S., Benaoun, F., Delattre, C., Michaud, P., OULD EL HADJ, M.D. - Chemical composition and biological activities of water-

soluble polysaccharides from Commiphora myrrha (Nees) Engl. gum

described in PMNs treated with 50-150 pug/mL doses
of WSP, which were found a higher value (56£5 %) at
the concentration of 150 pg/mL. The uptake of yeasts
was activated by 3 %, 23 %, and 29 % in the
concentration of 50 pg/mL, 100 pg/mL and 150 pg/mL
of WSP, respectively, compared with the phagocytic
index observed in negative control (26.6%). However,
zymosan, the positive control, showed the highest
stimulated activities, with phagocytic index of 70+3 at
the 150 pg/mL concentration.

Table 1. Effects of WSP, zymosan, and negative control on the
phagocytosis activity of PMNs by the uptake of opsonized
C. albicans. The data are represented as mean = SD; n =5
(***P <0.001; ** P<0.01; * P <0.05).

Samples Phagocytic index (%)
50 pg/mL 100 pg/mL 150 pg/mL
Zymosan 53+ 5%* 63 + 3x** 70 £ 3¥**
WPS 30 £ 4%* 50 + 4% 56+ 5%
Negative Control 27 + 2%** - -

a-D-Glucosidase inhibitory activity. In Fig. 2,
WSP had effect on inhibiting a-D-glucosidase
activities but lower than acarbose’s effect, a
competitive type of a-D-glucosidase inhibition. 1Cs,
was 8.30+£0.12 mg/mL. As concentrations of WSP
increasing from 2.5 to 100 mg/mL, inhibition rate of
WSP increased, presenting a dose-effect relationship.
When concentration of WSP was 25 mg/mL, inhibition
rate was reached up to 70% and showed the maximum
inhibition rate. Thus, the inhibitory effect didn't change
much when the concentration reached 20 mg/mL.
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Figure 2. a-D-Glucosidase inhibition of WSP and acarbose for the
catalysis of pNPG1

DISCUSSION

The present study confirmed results previously
obtained on the proportions of gum and resin in the
exudates from other Commiphora species which shown
30 to 60% of these exudates are water-soluble gum,
and 25 to 40% are ethanol soluble resin. Hough et al.
[18] show that the gum-resin of C. myrrha contains
40% of water-soluble polysaccharides among them
18% of protein. However, Dahi et al. [9] obtained
38£2.0 of water-soluble polysaccharides from
Commiphora Africana gum, which contain 6.6 = 0.1 of
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moisture (w%), 3.73 = 0.01% ashes, 10.2 £ 0.6%
proteins, 79.5 £ 0.6% carbohydrates.

Gums from different Commiphora species contain
two major monosaccharides which are arabinose and
galactose. Otherwise, the arabinose/galactose ratio, the
type and the percentage of other monosaccharides are
different. Hough et al. [18] reported that C. myrrha
gum is mainly composed of galactose, arabinose and 4-
methyl glucuronic acid with a ratio of 4: 1: 3. Also,
Dabhi et al. [9] find 47% arabinose and 28% galactose,
6.87% galacturonic acid, 4.96% Mannose, 4.61%
xylose, 4.33% glucosamine and 4.24% fucose, with
Ara/Gal ratio of 1.67. Commiphora myrrha gum has
been shown to be a neutral arabinogalactan with traces
of protein indicating that it is the arabinogalactan
protein (AGP). According to published studies, AGPs
consist of a large polysaccharide fraction and have a
small peptide fragment, which suggests that
arabinogalactan is a functional part of exudates [13,
21].

Many arabinogalactans isolated from medicinal
herbs were reported to induce phagocytic activity of
macrophages and polymorphonuclear leukocytes. An
acidic arabinogalactan (AGP-2) from Vigna radiata
could enhance the phagocytic capability of
macrophages at concentration range of 1-50 pg/mL.
Arabinogalactan protein from Trachyspermum ammi L.
(Ajowan) displays significant immunomodulatory
activity, at 1 pg/mL activated macrophages in releasing
NO and significantly promoted phagocytosis [27]. The
carbohydrate fraction contains 45.7% galactose, 34.5%
arabinose, 7% glucose, 5% mannose and 4% xylose.
Whereas deproteinized AGP or deglycosylated AGP
showed compromised efficiency. Therefore, the
structural complexity protein-glycan plays a crucial
role in activating the immune response that mainly
functions on the molecular pattern recognition
mechanism [27]. Igor et al. [19] isolated five
arabinogalactan type II fractions from the cones of
Juniperus scopolorum, which shown that the high
molecular weight polysaccharide fractions had potent
immunomodulatory activity. These polysaccharide
fractions stimulated macrophages for an enhanced NO
production via induction of nitric oxide synthase, and
induced macrophages to secrete both inflammatory
(IL-1, IL-6, TNFa, and IL-12) and anti-inflammatory
(IL-10) cytokines. An immunomodulatory
arabinogalactan named ICPA was isolated from Ixeris
chinensis, mainly composed of galactose and arabinose
with minor amount of glucose. Their molecular weight
was 58.1 kDa. ICPA enhanced the phagocytic activity
and the secretion of NO, TNF-, and IL-6 by RAW
264.7 cell in the concentration range of 100 to 400
pg/mL, in a dose-dependent manner, which shown
very low phagocytic activity compared to that of WSP
[17]. Although Commiphora AGP shows similarities to
AGPs with respect to immunomodulatory activity, it
stands different when compared to the phagocytosis
capacity.
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A large group of arabinogalactans have strong
immunomodulatory properties and show biological
activity against various chronic diseases, such as
diabetes mellitus. AGP mechanism involved in
antidiabetic activity may include inhibition of intestinal
a-D-glucosidase enzymes which improved tolerance of
glucose. Bisht et al. [5] showed that ICsy of a-D-
glucosidase  inhibitory was 0.5 mg/mL of
polysaccharides isolated from Acacia tortilis plant gum
exudate. It consisted of 78.1% L-Arabinose, 18.64%
D-galactose, 0.60% D-glucose, 1.71% L-rhamnose,
0.74% D-mannose, 3.88% D-galacturonic acid, and
4.35% D-glucuronic acid [1]. However, Wang et al.
[34] found the stronger inhibition of a-D-glucosidase at
0.8 mg/mL of the heteroglucan, extracted from
Fagopyrum tartaricum. Moreover, Zhang et al. [37]

revealed that polysaccharides rich in arabinose,
exhibited remarkable a-D-glucosidase inhibition
activities. Among three polysaccharide fractions

isolated from Rhynchosia minima root, Jia et al. [20]
shown that the richest fraction of arabinogalactan has
the strongest inhibition of a-D-glucosidase activity,
with ICs, values of 8.85 mg/mL, closer to that of WSP.

The principal findings are that the exudate gum
resin of Commiphora myrrha containing about 42% of
total polysaccharide content. It is one of the rich source
of arabinogalactan which composed of 45% Gal, 44%
Ara, 6% Xyl, and 5% Man. C. myrrha gum resin
contains water soluble polysaccharides, which may
endow the myrrh with strong inhibitory activity against
a-D-glucosidase. Therefore, suggested that WSP could
be a promising therapeutic agent for the management
of blood glucose, which be further developed in the
health food industry. Moreover, WSP had potent
immunomomodulatory ~ properties in  enhanced
phagocytosis of PMNs. The WSP concentrations have
significant linear correlations with a-D-glucosidase
inhibition and phagocytic ability of polymorphonuclear
leukocytes. Polysaccharides have been confirmed to be
one of the major active ingredients responsible for
health-promoting of the myrrh. It is well-known that
polysaccharides effect may depend on glycosidic
linkage, molecular weight, conformation, and degree of
branching. Thus, is strongly recommends further
investigation of myrrh polysaccharides structure
information.

Acknowledgments. This work has been sponsored by General
Directorate for Scientific Research and Technological Development,
Ministry of Higher Education and Scientific Research (DGRSDT),
Algeria.

REFERENCES

[1] Ajeet K.L., Vineet K., (2016): Monosaccharide
composition of acidic gum exudates from Indian Acacia
tortilis ssp.raddiana (Savi) Brenan, International Journal
of Biological Macromolecules, 94: 45-50.

[2] Al-Awadi, F.M., Gumaa, K.A., (1988): Studies on the
activity of individual plants of an antidiabetic plant
mixture. Journal of Ethnopharmacology, 22, 315-330.

Original Paper

54

Tom. XXVII, Issue: 1, 2020, pp. 50-55

[3] Baser, K.H.C., Demirci, B., Dekebo, A., Dagne, E.,
(2003): Essential oils of some Boswellia ssp. myrrh and
opopanax. Flavour and Fragrance Journal, 18: 153-156.
Bhatia, A., Bharti, S.K., Tripathi, T., Mishra, A., Sidhu,
O.P., Roy, R., Nautiyal, C.S., (2015): Metabolic profiling
of Commiphora wightii guggul reveals a potential source
for pharmaceuticals and nutraceuticals. Phytochemistry,
110: 29-36.

[5] Bisht, S., Kant, R., Kumar, V., (2013): a-D-Glucosidase
inhibitory activity of polysaccharide isolated from Acacia
tortilis gum exudate. International Journal of Biological
Macromolecules, 59 : 214-220.

[6] Blumenkrantz, N., Asboe-Hansen, G., (1973): New
method for quantitative determination of uronic acids.
Analytical Biochemistry, 54: 484-489.

[7] Bradford, M.M., (1976): A rapid and sensitive method
for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72: 248-254.

[8] Cheng, A.W., Wan, F.C., Wang, J.Q., Jin, Z.Y., Xu,
X.M., (2008): Macrophage immunomodulatory activity
of polysaccharides isolated from Glycyrrhiza uralensis
fish. International Immunopharmacology, 8: 43-50.

[9] Dahi, A., Mohamed-Lemine Abdellahi, B., Deida, M.F.,
Hucher, N., Malhiac, C., Renou, F., (2017): Chemical
and physicochemical characterizations of the water-
soluble fraction of the Commiphora Africana exudate.
Food Hydrocolloids, 86: 2-10.

[10] Dekebo, A., Dagne, E., Sterner, O., (2002):
Furanosesquiterpenes from Commiphora sphaerocarpa
and related adulterants of true myrrh. Fitoterapia, 73:
48-55.

[11] Dubois, M., Gilles, K.A., Hamilton, J.K., Pebers, P.A.,
Smith, F., (1956): Colorimetric method for
determination of sugar and relayed substances.
Analytical Chemistry, 28: 350-356.

[12] El Ashry, E.S., Rashed, N., Salama, O.M., Saleh, A.,
(2003): Components, therapeutic value and uses of
myrrh. Pharmazie, 58: 163-168.

[13] Ellis, M., Egelund, J., Schultz, C.J., Bacic, A., (2010):
Arabinogalactan-proteins: Key regulators at the cell
surface. Plant Physiology, 153: 403-419.

[14] Ghoneum, M., Gollapudi, S., (2004): Phagocytosis of
Candida albicans by metastatic and non-metastatic
human breast cancer cell lines in vitro. Cancer Detection
and Prevention, 28: 17-26.

[15] Gurpreet, A, Karan, M., Inderbir, S., Sandeep, A.,
(2011): Formulation and evaluation of controlled release
mucoadhesive matrix tablets: assessment of myrrh oleo
gum resin as a natural pharmaceutical excipient.
International Journal of Pharmaceutical Sciences and
Drug Research, 32: 84-88.

[16] Hanus, L.O., Rezanka, T., Dembitsky, V.M.,
Moussaieff, A., (2005): Myrrth — Commiphora
Chemistry. Biomedical papers, 149: 3-27.

[17] Hongyan, L., Wancui, X., Xing, Q., Huanhuan, C.,
Xihong, Y., Changhu, X., (2019): Structural
characterization of arabinogalactan extracted from Ixeris
chinensis (Thunb.) Nakai and its immunomodulatory
effect on RAW264.7 macrophages. International Journal
of Biological Macromolecules, 143: 977-983.

[18] Hough, L., Jones, J.K.N., Wadman, W.H., (1952): Some
observations on the Constitution of Gum Myrrh. Journal
of the Chemical Society, pp. 796-800.

[19] Igor, A.S., Craig, L.F., Laura, K.N-O., James, A.W.,
Mark, T.Q., (2005): Macrophage immunomodulatory
activity of polysaccharides isolated from Juniperus

[4

—



Boual, Z., Pierre, G., Kemassi, A., Mosbah, S., Benaoun, F., Delattre, C., Michaud, P., OULD EL HADJ, M.D. - Chemical composition and biological activities of water-

soluble polysaccharides from Commiphora myrrha (Nees) Engl. gum

scopolorum.
1783-1799.

[20] Jia, X., Hu, J., He, M., Zhang, Q., Li, P., Wan, J., He,
C., (2017): oa-Glucosidase inhibitory activity and
structural characterization of polysaccharide fraction
from Rhynchosia minima root. Journal of Functional
Foods, 28: 76-82.

[21] Kiranmayi, K., Muralikrishna, G., (2018): Purification,
structural characterization of an arabinogalactan from
green gram (Vigna radiata) and its role in macrophage
activation. Journal of Functional Foods, 50: 127-136.

[22] Massoud, A.M., El Ebiary, F.H., Abou-Gamra, M.M.,
Mohamed, G.F., Shaker, S.M., (2004): Evaluation of
schistosomicidal  activity = of myrrh  extract:
parasitological and histological study. Journal of the
Egyptian Society of Parasitology, 34: 1051-1076.

[23] Monsigny, M., Petit, C., Roche, A.C., (1988):
Colorimetric determination of neutral sugars by a
resorcinol sulfuric acids micromethod. Analytical
Biochemistry, 175: 525-530.

[24] Pierre, G., Zhao, J.M., Orvain, F., Dupuy, C., Klein,
G.L., Graber, M., Maugard, T., (2014): Seasonal
dynamics of extracellular polymeric substances EPS in
surface sediments of a diatom-dominated intertidal
mudflat Marennes-Oleron, France. Journal of Sea
Research, 92: 26-35.

[25] Shen, T., Li, G.H., Wang, X.N., Lou, H.X., (2012): The
genus Commiphora: A review of its traditional uses,
phytochemistry and pharmacology. Journal of
Ethnopharmacology, 142: 319-330.

[26] Shen, T., Lou, H.X., (2008): Chemical constituents from
resin of Commiphora species and their biological
activities. Natural Product Research and Development,
20: 360-366.

[27] Shruthi, R.R., Venkatesh, Y.P., Muralikrishna, G.,
(2017): Structural and functional characterization of a
novel immunomodulatory glycoprotein isolated from
ajowan (Trachyspermum ammi L.). Glycoconjugate
Journal, 34: 499-514.

[28] Singleton, V.L., Orthofer, R., Lamuela-Raventos, R.M.,
(1999): Analysis of total phenols and other oxidation
substrates and antioxidants by means of Folin-Ciocalteu
reagent. Methods in Enzymology, 299: 152-178.

International Immunopharmacology, 5:

55

[29] Su, S., Wang, T., Duan, J.A., Zhou, W., Hu, Y.Q., Tang,
Y.P., Yu, L., Qian, D.W., (2011): Anti-inflammatory
and analgesic activity of different extracts of
Commiphora myrrha. Journal of Ethnopharmacology,
134: 251-258.

[30] Tavanti, A., Campa, D., Bertozzi, A., Pardini, G.,
Naglik, J.R., Barale, R., Senesi, S., (2006): Candida
albicans isolates with different genomic backgrounds
display a differential response to macrophage infection.
Microbes and Infection, 8: 791-800.

[31] Tipton, D.A., Hamman, N.R., Dabbous, M.K., (2006):
Effect of myrrh oil on IL-1 stimulation of NF-xB
activation and PGE2 production in human gingival
fibroblasts and epithelial cells. Toxicology in vitro, 20:
248-255.

[32] Tucker, A.O., (1986): Frankincense and myrrh.
Economic Botany, 40: 425-433.

[33] Ubillas, R.P., Mendez, C.D., Jolad, S.D., Luo, J., King,
S.R., Carlson, T.J., Fort, D.M., (1999):
Antihyperglycemic furanosesquiterpenes from
Commiphora myrrha. Planta Medica, 65: 778-779.

[34] Wang, X.T., Zhu, Z.Y., Zhao, L., Sun, H.Q., Meng, M.,
Zhang, J.Y., Zhang, Y. (2016): Structural
characterization and inhibition on a-D-glucosidase
activity of non-starch polysaccharides from Fagopyrum
tartaricum. Carbohydrate Polymers, 153: 679-685.

[35] Zhang, J.G., Liu, Q., Liu, Z.L., Li, L., Yi, L.T., (2015):
Anti hyperglycemic activity of Anoectochilus roxburghii
polysaccharose in diabetic mice induced by high-fat diet
and streptozotocin. Journal of Ethnopharmacology, 164:
180-185.

[36] Zhang, S., Li, X.Z., (2015): Inhibition of a-glucosidase
by polysaccharides from the fruit hull of Camellia
oleifera Abel. Carbohydrate polymers, 115: 38-43.

[37] Zhang, Z., Kong, F., Ni, H., Wan, J.B., Hua, D., Yan,
C., (2016): Structural characterization, o-glucosidase
inhibitory and DPPH scavenging activities of
polysaccharides from guava. Carbohydrate Polymers,
144: 106-114.

[38] Zhu, N., Kikuzaki, H., Sheng, S., Sang, S., Rafi, M.M.,
Wang, M., Nakatani, N., DiPaola, R.S., Rosen, R.T., Ho
C.T., (2001): Furanosesquiterpenoids of Commiphora
myrrha. Journal of Natural Products, 64: 1460-1462.

Received: 6 January 2020

Accepted: 26 March 2020

Published Online: 31 March 2020

Analele Universitatii din Oradea, Fascicula Biologie
http://www.bioresearch.ro/revistaen.html
Print-ISSN: 1224-5119

e-ISSN: 1844-7589

CD-ISSN: 1842-6433

University of Oradea Publishing House



