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EDITORIAL 
The ISESCO Journal for Science and Technology is an international fully compre-
hensive resource that publishes strictly peer-reviewed papers covering novel 
aspects and methods in all areas of Science and Technology. The journal embraces 
accurate and innovative issues providing cutting-edge original research. The 
Journal has recently become an open access electronic platform through which 
eminent researchers tackle contemporary research topics. 
It is my pleasure to introduce a new edition of the ISESCO Journal for Science 
and Technology, which is dedicated to the ethical and engineering aspects of 
biotechnological research, with the latest comprehensive information on the most 
crucial areas of research in the field of Biotechnology.
The word “Biotechnology” has received its importance and significance in the 
last two decades. It is defined as the “application of science and engineering 
principles to the processing of material by biological agents to provide goods and 
services”. At its simplest, biotechnology is technology based on biology - biological 
processes, organisms, cells or cellular components that are exploited to develop new 
technologies in order to improve our lives and the health of our planet.
There is no doubt that Biotechnology is the future or has a promising future. The 
importance of Biotechnology has come to our existence; it has impacted our way 
of life in such aspects as food-processing, environment, energy, health and genetic 
engineering. Nowadays, it is the center of our life since it is extremely used in 
several fields such as: Engineering, Science, Technology, Medicine, Agriculture 
and other forms of valuable application. It is undoubtedly an unlimited resource 
for the benefit of the humanity. Biotechnology can contribute in the solution to the 
problems from which mankind is suffering.
This special edition encompasses a wide range of scientific papers from genetic or 
molecular biological positions to those covering biochemical, chemical or bioprocess 
engineering aspects as well as computer application of new software concepts, 
provided that in each case the material is directly relevant to biotechnological systems. 
The following areas are covered in this volume:

• Nucleic Acids/Molecular Biology
• Biochemical Engineering/Bioprocess Engineering
• Medical Biotechnology
• Agro- and Food Biotechnology
• Genomics and Bioinformatics

Regarding this edition, the 23rd volume would not have been possible without the 
guidance of the editorial board members, the reviewers and associate editors, who 
supported this edition at every stage of processing.
It is my hope that this collection of articles will be a valuable resource and will 
further stimulate research into the vibrant area of Biotechnology.
At last, I wish that ISESCO Journal for Science and Technology would successfully 
continue its activity, consistently enhance its visibility and contribute to research 
and policymaking in such important area of Science and Technology.

Dr Abdulaziz Othman Altwaijri
Editor-in-Chief
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Abstract

New series of two new compounds of quinazolinone-4 derivatives were synthesized by 
allowing the interaction of 2-phenyl benzoxazinones-4 with p-aminobenzene sulfonamides 

in a medium of acid catalyst and strong polar aprotic solvents (DMSO or DMFA). The tested 
compounds’ yield was obtained using some strong polar aprotic solvents, and was investigated 
for their toxicity, anti-hypoxic activity (in vivo) and in silico (docking studies). The aim was to 
recognize the hypothetical binding motif of the tested compounds with GluA3 domain and to 
explain the possible interactions that might take place between the tested derivatives and the 
GluA3 domain compared to Piracetam for their anti-hypoxic effect, as well as to determine the 
design of new multivalent allosteric modulators using Autodock Vina software.

The results indicate that the catalytic quantity of the strong polar aprotic solvents increased 
yield by 25% with DMSO and 12.5% with DMFA. Pharmacological studies confirmed that the 
new compounds show low toxicity. Furthermore, compounds B give class VI (harmless) and 
compound D shows in class V (practically nontoxic), according to Sidorov’s classification. In 
terms of anti-hypoxic activity, the investigated compounds (B and D) have emerged as potentially 
active molecules as anti-hypoxic compounds with 29.08% and 48.2%, respectively, compared to 
the Piracetam used as a standard. In the docking study of synthesized compounds B and D into 
binding site of GluA3, the score of affinity was found to be around -8.4 and -8.1, respectively, 
compared to Piracetam at -6.5. The data reported in this study indicates that the new synthesized 
quinazolinone-4 derivatives were preferably obtained through the utilization of strong polar 
aprotic solvents, especially DMSO. In addition, pharmacological investigations have confirmed 
that the molecules tested have shown significant results compared to standard drugs with low 
toxicity. A docking study of the synthesized derivatives and interactions with GluA3 confirmed the 
previous results in vitro and revealed that compounds B and D have a significant anti-hypoxic 
activity.

Keywords: Anti-hypoxic, DMSO, DMFA, GluA3, Molecular docking, Synthesis, Quinazolinone-4 
derivatives.
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1. Introduction

Interest in quinazolinone-4 derivatives chemistry has 
significantly grown, largely due to the discovery of 
interesting properties displayed by a large number of 
quinazolinone derivatives. Quinazolinones will be 
classified into the following five categories based on 
the substitution patterns of the ring system [1]. These 
are 2-substituted-4(3H)-quinazolinones, 3-substituted-
4(3H)-quinazolinones, 4-substituted-quinazolines, 
2,3-disubstituted-4(3H)-quinazolinones, and 
2,4-disubstituted-4(3H)-quinazolinones. Depending on 
the position of the keto or oxo group, these compounds 
may be classified into three types [2]. Out of the three 
(2(1H) quinazolinones, 4(3H) quinazolinones and 2, 4 
(1H,3H) quinazolinedione) quinazolinone structures, 
4(3H)-quinazolinones are the most prevalent, either as 
intermediates or as natural products in many proposed 
biosynthetic pathways.

This is partly due to the structure being derived from the 
anthranilates (anthranilic acid or various esters, isatoic 
anhydride, anthranilamide, and anthranilonitrile) while 
the 2(1H)-quinazolinone is predominantly a product of 
anthranilonitrile or benzamides with nitriles. 

Derivatives of quinazolinone are found to show a 
wide range of bioactivities that translate into a broad 
spectrum of biological effects such as anti-HIV, 
anticancer, antifungal, antibacterial, antimutagenic, 
anticoccidial, anticonvulsant, anti-inflammatory, 
antidepressant, antimalarial, antioxidant, antileukemic, 
antileishmanial, and others.

Hypoxia is responsible for resistance to radiotherapy 
and chemotherapy and presents a tremendous 
challenge in cancer therapy [3]. Piracetam was the first 

[1] Mhaske, S. B. & Argade, N. P. (2006). The chemistry of recently 
isolated naturally occurring quinazolinone alkaloids. Tetrahedron, 42: 
9787–9826. 

[2] Mahato, A. K., Srivastava, B. & Nithya, S. (2011). Chemistry structure 
activity relationship and biological activity of quinazoline- 4 (3H)-one 
derivatives. Inventi. Rapid. MedChem. 1. 

[3] Wilson, W.R. & Hay, M.P. (2011). Targeting hypoxia in cancer therapy. 
Nat. Rev. Cancer, 11:393- 410.

[4] Giurgea, C., Lefevre, D., Lescrenier, C. & David-Remacle, M. (1971). 
Pharmacological protection against hypoxia induced amnesia in rats. 
Psychopharmacologia, 20:160–168. 

[5] Giurgea, C. (1973). The “nootropic” approach to the pharmacology of 
the integrative activity of the brain. IPBS, 8:108–115.

[6] Copani, A., Genazzani, A.A., Aleppo, G., Casabona, G., Canonico, P.L., 
Scapagnini, U., Nicoletti, F. (1992). Nootropic drugs positively modulate 
alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid-sensitive 
glutamate receptors in neuronal cultures. J Neurochem., 58:1199–1204.

[7] O’Neill, M.J. & Witkin, J.M. (2007). AMPA receptor potentiators: 
application for depression and Parkinson’s disease. Current Drug 
Targets, 8:603–620. 

[8] Partin, K.M., Fleck, M.W. & Mayer, M.L. (1996). AMPA receptor flip/
flop mutants affecting deactivation, desensitization, and modulation by 
cyclothiazide, aniracetam, and thiocyanate. J Neurosci., 16:6634–6647. 

[9] Jin, R., Clark., S, Weeks, A.M., Dudman, J.T., Gouaux, E. & Partin, 
K.M. (2005). Mechanism of positive allosteric modulators acting on 
AMPA receptors. J Neurosci, 25:9027–9036. 

[10] Mosbacher, J., Schoepfer, R., Monyer, H., Burnashev, N., Seeburg, P.H. 
& Ruppersberg, J.P. (1994). A molecular determinant for sub milli 
second desensitization in glutamate receptors. Science, 266:1059–
1062.

[11] Pei, W., Huang, Z. & Niu, L. (2007). GluR3 flip and flop: differences in 
channel opening kinetics. Biochemistry, 46:2027–2036. 

[12] Partin, K.M., Fleck, M.W. & Mayer, M.L. (1996). AMPA receptor 
flip/flop mutants affecting deactivation, desensitization, and 
modulation by cyclothiazide, aniracetam, and thiocyanate. J. 
Neurosci.,16:6634–6647. 

nootropic agent discovered [4] and found originally to 
be effective as a protective agent in hypoxia-induced 
amnesia [5]. Although it affects a number of neuronal 
proteins, some evidence suggests that it can act at the 
level of AMPA receptors [6, 7]. Another member of 
the Piracetam family of drugs, such as Aniracetam, is 
considerably more potent and acts directly on AMPA 
receptors [8-9]. 

To understand the mechanism and preventive effect 
of quinazolinone derivatives in hypoxia as allosteric 
modulators of AMPA receptors, we have compared 
their effect to some of the Piracetam family drugs 
found to be effective against several pathologies.

The ligand binding domains of AMPA receptors can 
exist in two alternatively spliced forms (flip and flop) 
that differ in the rate of desensitization [10], channel 
closing rate [11] and sensitivity to allosteric modulators 
[12]. The extracellular agonist-binding domain (S1S2 
domain) of ionotropic glutamate receptors consists 
of two lobes with the agonist-binding pocket located 
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[13] Oswald, R.E. (2004). Ionotropic glutamate receptor recognition and 
activation. Adv. Protein Chem., 68:313–349. 

[14] Mayer, M.L., Olson, R. & Gouaux, E. (2001). Mechanisms for ligand 
binding to GluR0 ion channels: crystal structures of the glutamate and 
serine complexes and a closed apo state. J. Mol. Biol., 311:815– 836. 

[15] Armstrong, N. & Gouaux, E. (2000). Mechanisms for activation 
and antagonism of an AMPA- sensitive glutamate receptor: crystal 
structures of the GluR2 ligand binding core. Neuron, 28: 165–181.

[16] Kasper, C., Lunn, M.L., Liljefors, T., Gouaux, E., Egebjerg, J. 
& Kastrup, J.S. (2002). GluR2 ligand-binding core complexes: 
importance of the isoxazolol moiety and 5-substituent for the binding 
mode of AMPA-type agonists. FEBS Lett, 531:173–178. 

[17] Ahmed, A.H., Wang, Q., Sondermann, H. & Oswald, R.E. (2008). 
Structure of the S1S2 glutamate binding domain of GluR3. Proteins 
Structure Function and Bioinformatics, 75:628–637.

[18] Gill, A., Birdsey-Benson, A., Jones, B.L., Henderson, L.P. & Madden, 
D.R. (2008). Correlating AMPA receptor activation and cleft closure 
across subunits: crystal structures of the GluR4 ligand-binding 
domain in complex with full and partial agonists. Biochemistry, 
47:13831–13841. 

[19] Mayer, M.L. (2005). Crystal structures of the GluR5 and GluR6 ligand 
binding cores: Molecular mechanisms underlying kainate receptor 
selectivity. Neuron, 45:539–552. 

[20] Hald, H., Naur, P., Pickering, D.S., Sprogoe, D., Madsen, U., 
Timmermann, D.B., Ahring, P.K., Liljefors, T., Schousboe, A., 
Egebjerg J., Gajhede, M. & Kastrup, J.S. (2007). Partial agonism and 
antagonism of the ionotropicglutamate receptor iGLuR5: structures of 
the ligand-binding core in complex with domoic acid and2-amino-3-
[5-tert-butyl-3-(phosphonomethoxy)-4-isoxazolyl] propionic acid. J. 
Biol. Chem., 282:25726–25736. 

[21] Nanao, M.H., Green, T., Stern-Bach, Y., Heinemann, S.F. & Choe, 
S. (2005). Structure of the kainate receptor subunit GluR6 agonist-
binding domain complexed with domoic acid. Proc. Natl. Acad. Sci., 
U S A, 102:1708–1713. 

[22] Furukawa, H. & Gouaux, E. (2003). Mechanisms of activation, 
inhibition and specificity: crystal structures of the NMDA receptor 
NR1 ligand-binding core. EMBO. J., 22:2873–2885. 

[23] Furukawa, H., Singh, S.K., Mancusso, R. & Gouaux, E. (2005). Subunit 
arrangement and function in NMDA receptors. Nature, 438:185–192. 

[24] Sobolevsky, A.I., Rosconi, M.P. & Gouaux, E. (2009). X-ray structure, 
symmetry and mechanism of an AMPA-subtype glutamate receptor. 
Nature, 462:745–756.

[25] Vaglenova, J., Pandiella, N., Wijayawardhane, N., Vaithianathan, 
T., Birru, S., Breese, C., Suppiramaniam, V. & Randal, C. (2008). 
Aniracetam reversed learning and memory deficits following prenatal 
ethanol exposure by modulating functions of synaptic AMPA 
receptors. Neuropsychopharmacology, 33:1071– 1083. 

[26] Arai, A. & Lynch, G. (1992). Factors regulating the magnitude of long-
term potentiation induced by theta pattern stimulation. Brain Res., 
598:173–184. 

[27] Dingledine, R., Borges, K., Bowie, D. & Traynelis, S. (1999). The 
glutamate receptor ion channels. Pharmacol. Rev., 51:7–61. 

[28] Asztely, F. & Gustafsson, B. (1996). Ionotropic glutamate receptors: 
their possible role in the expression of hippocampal synaptic plasticity. 
Mol. Neurobiol., 12(1):1–11.

[29] Liu, S.J. & Zukin, R.S. (2007). Ca2+-permeable AMPA receptors in 
synaptic plasticity and neuronal death. Trends Neurosci., 30:126–134. 

[30] Soundarapandian, M.M., Tu, W.H., Peng, P.L., Zervos, A.S. & Lu, 
Y. (2005). AMPA receptor subunit GluR2 gatesinjurious signals in 
ischemic stroke. Mol Neurobiol, 32:145–155. 

[31] Jin, R., Clark, S., Weeks, A.M., Dudman, J.T., Gouaux, E. & Partin, 
K.M. (2005). Mechanism of positive allosteric modulators acting on 
AMPA receptors. J Neurosci, 25:9027–9036

between the two lobes [13]. The structures of the S1S2 
domain from GluR0, [14] GluA2 [15–16] GluA3, [17] 
GluA4 [18] GluK1 [19, 20] GluK2 [21], GluN1 [22] 
and GluN2 [23] subtypes have been determined in the 
presence of a variety of agonists, partial agonists, and 
antagonists. This has provided structural insights into 
the processes of channel activation and desensitization 
as well as the structural basis of the differences in 
agonist and antagonist selectivity. Recently, the full 
tetrameric structure of the GluA2 receptor has been 

determined bound to an antagonist [24]. Although the 
structure was determined in the closed channel form, 
the availability of this structure provides new insights 
into the quaternary structure of all iGluRs and will 
provide a very useful framework for understanding 
channel activation. 

Aniracetam and other allosteric modulators of AMPA 
receptors can block or slow desensitization, slow 
deactivation and enhance synaptic plasticity [25, 26]. 
Lonotropic glutamate receptors (iGluRs) are found on 
most vertebrate central nervous system neurons and are 
responsible for the major part of excitatory synaptic 
transmission. In addition to their important roles in 
processes such as learning and memory [27–28], these 
receptors have been associated with disorders such as 
Parkinson’s and Alzheimer’s diseases, Huntington’s 
chorea, and neurological disorders including epilepsy 
and ischemic brain damage [29-30]. 

In other studies, the structure of Aniracetam bound 
to a dimer of the agonist-binding domain of GluA2o 
has been reported [31]. It binds in a symmetrical site 
at the dimer interface. This is consistent with other 
allosteric activators that bind to the dimer interface 
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and slow or prevent the dissociation of the dimer. The 
dimer forms upon the activation of the receptor by the 
agonist and is thought to represent the active form of 
the protein. Preventing dimer dissociation can block 
or slow desensitization [32] as well as have effects on 
deactivation [31].

The synthetic agonist quinazoline derivatives are 
reported to be physiologically and pharmacologically 
active [33]. They also exhibit a wide range of activities 
[34-35]. 

In the present study, we have synthesized a variety of 
quinazolinone-4 derivatives using some strong polar 
aprotic solvents, and investigated their toxicity and 
anti-hypoxic activity (in vivo), as well as the study (in 
silico) of the crystal structure of GluA3. We analysed 
the obtained biological data to explain the possible 
interactions between the tested derivatives and GluA3 
domain compared to Piracetam and Aniracitam in order 
to obtain the anti-hypoxic effect. This could of value 
in the design of new multivalent allosteric modulators.

2. Experimental section 

Chemistry

Synthesis of O-Benzoyl Aminobenzoic acid 
(OBABA)

Benzylation of anthranilic acid in a benzene medium: 
dissolve 119 g of anthranilic acid in 300 ml of benzene 
by mixing, and add 100 ml of benzoyl chloride drop by 
drop on a heating source. In the process of the reaction, 
the precipitate of O-benzoyl aminobenzoic acid is 
formed and after the addition of the full quantity of 
benzoyl chloride, the reacting mixture may crystallize. 

The precipitate must be recrystallized from ethanol 
with charcoal three times. (Figure 1). 

M.P = 17000cYield = 50%

Synthesis of quinazolinone ring (2-phenyl 
benzoxazinone)

To 38 ml acetic anhydride (Ac2O) distilled to 27 ml 
by boiling, add 13 g (0.05M) of O-benzoyl amino 
benzoic acid.  The precipitate is formed in 10 minutes, 
then crumbled, filtered and recrystallized from ethanol 
(Figure 2).

M.P =   1160c    Yield = 50% 

Synthesis of 4-(4-Oxo-2-phenyl-4H-quinazolin-
3-yl)-N-pyrimidin-2-yl benzene sulfonamide 
(Compound B)

2.23 gm (0.01M) 2 phenyl-1,3-benzoxazinone-4 and 
2.50 gm (0.01M) 2-( p-aminobenzene sulfamido)- 
pyrimidine are dissolved in 7 ml glacial acetic acid and 
0.5 ml DMSO. Boil for 2 hours, after which the white 
crystalline ppt is formed (yield 92%). Wash the ppt 
with diethyl ether, dry and recrystallize from ethanol 
(Figure 3).

Formula: C24H17N5O3S

[32] Sun, Y., Olson, R., Horning, M., Armstrong, N., Mayer, M. & Gouaux, 
E. (2002). Mechanism of glutamate receptor desensitization. Nature, 
417:245–253. 

[33] Pojarsky, A.F. (1985). Theoretical principles of heterocyclic chemistry. 
Chemistry, 276. 

[34] Cheeseman, G.W.H. & Cookson, R.F. (1979). Condensed Pyrazines. 
New York: Wiley-lnterscience, 245.

[35] Yahontov, L.N, Liberman, S.S, Jihareva, G.P, Kuzmin, K.K. 
(1977). Biological activity of quinazoline derivatives. Chemical-
Pharmaceutical Journal, 11: 14-26.

Figure 1. Synthesis of O-Benzoyl amino benzoic acid (OBABA).

Figure 2. Synthesis of quinazolinone ring (2-phenyl benzoxazinone).

Figure 3. Synthesis of 4-(4-Oxo-2-phenyl-4H-quinazolin-3-yl)-N-
pyrimidin-2-yl-benzenesulfonamide (Compound B)
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[36] Sernov, L.N. & Gatsura, V.V. (2000). Elements of experimental 
pharmacology, M, 352.

[37] Fisenko, V.P. (2000). Guidelines of experimental (before clinical) study 
of new pharmacological substances. Medicine, 398.

Properties:

A white odourless crystalline powder, soluble in DMSO, 
slightly soluble in ethanol and insoluble in water and 
ether.
M.P. crystallization from ethanol=265-269 Co
RF from ethanol =0.89

Elemental analysis:

Calculated %: C (63.29 %), H (3.76%), N (15.38%)
Found %: C (62.79%), H (3.66 %), N (15.22 %)
IR: C=O: 1638, C=N: 1588, S=O: 1159. UV: 220, 270 nm.

Synthesis of N-(4, 6-Dimethyl-pyrimidin-2-
yl)-4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-
benzenesulfonamide (Compound D)

2.23 gm (0.01M) 2 phenyl-1,3-benzoxazinone-4 and
2.78 gm (0.01M) N-acetyl-p-amino benzene sulfonamide 
are dissolved in 7 ml glacial acetic acid and 0.5 ml 
DMSO and boiled for 4 hours. On completion, a white 
crystalline (ppt) is formed (yield 95%). Wash the ppt 
with diethyl ether, dry and recrystallize from ethanol 
(Figure 4).

Formula: C26H21N5O3S.

Properties:

A white crystalline odourless powder, soluble in 
DMSO, slightly soluble in ethanol, insoluble in water 
and ether.
M.P. crystallization from ethanol=234-235 Co
RF from ethanol = 0.73

Elemental analysis:

Calculated %: C (64.6%), (H=4.38%), N (14. 48%)
Found %: C (64.10%), H (4.20%), N (14.89%)
IR: C=O: 1638, C=N: 1588, S=O: 1159
UV: 225, 270 nm 

NMR integrals of (Compound D) the spectrum correspond 
to protons quantity of the suggested structure. The 
multiplet of aromatic protons is in the field of 8.1–
9.0 ppt, the signal of one proton is strongly enough 
displaced into a weak field area and observed as a 
doublet in the field of 9.7 ppt, which unequivocally 
testifies to quinazolinone nucleus formation.

3. Pharmacology investigations

Study of acute toxicity

Animals: guinea pigs (hamster) of both sexes weighing 
from 230-370 g b.wt. and 12-14 weeks’ old were used 
in the experimental work. The animals were housed 
in plastic rat houses and maintained at a temperature 
of 25±2°C, in relative humidity of 50±5% and at a 
photoperiod of 12 h dark/12 h light. All animals had 
free access to food and water. The rats were allowed 
to acclimatize to the laboratory environment for 7 days 
before start of the experiments. All experiments were 
conducted in accordance with the Official Journal of the 
European Committee in 1991. The experiment protocol 

was approved by the Institutional 
Research Committee regarding 
the Care and Use of Animals 
for Experimental Procedures in 
2010. The examined substances 
were given to guinea pigs in 
the form of suspension with 
tween-80. Acute toxicity studies 
were carried out according to 

Kerber’s method [36, 37].

Determination of LD50: The LD50 was mathematically 
determined following oral administration of substances 
to adult rats following the Kerber method (Pershin, 
1971) and using the following formula:

LD50 = LD100-S (z×d)/m

Figure 4. Synthesis of N-(4,6-Dimethyl-pyrimidin-2-yl)-4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-
benzenesulfonamide (Compound D)
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Where z is half the number of animals that died from 
two successive doses, d is the interval between two 
successive doses and m is the number of animals per 
group.

Anti-hypoxic study

Anti-hypoxic activity of quinazolinone-4 derivatives 
with sulphonamide fragments was studied using the 
hypoxic method and measured in min. (M±m).

Anti-hypoxic activity is determined by measuring the 
duration of mice’s life in a hermetically closed vessel 
with absence of air. The animal’s death criteria are 
indicated by stoppage of their breathing (respiratory 
motion) and convulsions [36].

The investigated substances are introduced once in a 
dose of 50 mg/kg (IPr) one hour before examination 
in the form of a suspension stabilized with Tween 20.

Docking methodology

The crystal structure of the GluA3 Ligand-binding 
domain in complex with Piracetam, (PDB ID: 3LSX) 
was chosen as a template to study docking analysis 
mode inhibition of GluA3 by B and D compounds using 
the software AutoDockVina v.1.0.2 [38]. All bound 
water and ligands were eliminated from the protein.

The polar hydrogen, (Kollman-Amber) combined atom 
partial charges and solvation parameters were added to 
the protein using Autodock tools.

The B and D compound structures were initially 
sketched in ChemDraw. The initial coordinates of 
inhibitor Piracetam and Aniracetam for GluA3 were 
obtained from the ligand of PDB IMN and used as 
control. All compounds/inhibitors were retained with 
only polar hydrogen atoms. Gasteiger charges and 
torsional angles were added by utilizing AutoDock 
Tools. The grid was centred and encompassed all the 
amino acid residues in the crystal structures. Grid 
maps were generated using the Autogrid Program. The 
docking was performed using the Lamarckian genetic 
algorithm with pseudo-Solis and Wets local search 
with:

- Population size of 150 

- Energy evaluation 2500,000 and 200 docking runs 
by Auto Dock vina [38].

The B and D compounds with the lowest binding free 
energy binding modes inside domain GluA3 were 
selected for docking conformation and comparison. 
The simulation results were analysed after by Pymol.1 
and Discovery Studio Visualizer.

Statistical analysis

Data were expressed as Mean ± SD. Statistical analysis 
was done using paired-‘t’-tests. Comparisons were 
made among healthy, untreated and treated animals.  
A p value of <0.05 was considered significant in the 
above tests, calculated using Delta Graph (USA).

4. Results and discussion

Synthetic and elemental analysis

Chemical part

Modification of synthesis method for N-3 substituted 
quinazolinones

During the researches carried out at the Organic 
Chemistry Department of the Pyatigorsk State 
Pharmaceutical Academy [39], it was worthwhile 
to obtain the remote derivatives of N-3 substituted 
derivatives of quinazolinone-4 by the direct interaction 
of o-benzoylaminobenzoic acid with aromatic amines, 
excluding thus a stage of benzoxazinones formation. 
Thus it was necessary to obtain: 

1. N-sulfonic derivatives of quinazolinones-4 on
the basis of 2-phenylbenzoxazinones and to 
prove their structure by counter synthesis pro-
ceeding from o-benzoylaminobenzoic acid;

[38] Trott, O. & Olson, A.J. (2010). AutoDock Vina: improving the speed 
and accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. Comput. Chem., 31:455-461.

[39] Kodonidi, I.P., Magonov, M.M., Ivanov, R.V., Al-kaf, A.G. & 
Mutsueva, S.H. (2004). Synthesis of quinazolinone-4 derivatives by 
the heterocyclic reaction o-benzoylaminobenzoic acid. Development, 
research and marketing of new pharmaceutical production. PSPA 
Scient. Works Collect – Pyatigorsk, 59: 178-179.
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[41] Parker, A. (1968). Uses of polar aprotonic solvents in organic chemistry, 
Advances in organic chemistry –Vol 5, pp. 24-27, 42-43.

[40] Gilchrist, T.L. (1996). Heterocyclic chemistry, Gilchrist T.-M: Mir, 
p: 464.

2. Determination of the role of strong polar aprotic 
solvents (DMSO & DMFA) in the borders of
the used synthesis way and to prove the expe-
diency of acid catalysis usage.

Quinazolinones-4 Synthesis with N-arylsulfonic fragment 
was previously carried out in two stages, the first 
one is the synthesis of 2-phenylbenzoxazinones-4, 
and second one is the replacement of an oxygen 
heteroatom by nitrogen. The most common method 
of quinazolinones-4 Synthesis is benzoxazinones and 
amine component boiling in an ethanol medium [40]. 
However, this technique appeared to be unsuitable 
for the synthesis of the N-heteryl derivatives of 
quinazolinones-4. This is explained by the weak 
nucleophilic properties of the primary amino group of 
heterocyclic amine. To synthesise the remote 3-heteryl 
derivatives of quinazolinones-4 by the replacement of 
heteroatom oxygen by nitrogen, the Organic Chemistry 
Department of PSPA proposed a synthesis modification 
where the reaction is carried out in the medium of 
glacial acetic acid with addition of catalytic quantities 
of strong polar aprotic solvent DMSO. Compared to 
heterylamines, in p-arylsulfones the amino group has 
a higher reactivity proven by the speed of reaction 
and, in many cases, practically by a quantitative yield 
of main products. For the definition of the preparatory 
opportunities of the given technique, the interaction 
of 2-phenylbenzoxazinones-4 with p-aminobenzene 
sulfonamide was chosen. 

Effect of strong polar aprotic solvents on the yield of 
synthesized compounds:

Effect of strong polar aprotic solvents on the yield of 
synthesized compounds: To reveal the acid catalyst role 
and different solvents (such as DMSO and DMFA), the 
syntheses were carried out in different conditions in the 
medium of glacial acetic acid without the catalyst, in 
glacial acetic acid with a catalytic quantity of DMSO, 
in glacial acetic acid with a catalytic quantity of DMFA, 
in DMSO only and in DMFA only. See (Table 1).

The yield of the main product is compared in reactions 
without DMSO addition and with DMSO addition, 
which testifies to the expediency of catalytic quantities 
of polar aprotic solvent usage. In this case, the yield is 
increased by 25% (this is explained by the nucleophilic 
properties of the primary amino group of sulfonamides 
and concurs with known data on DMSO properties as 
a polar aprotic solvent [41]. Comparison of the yield of 
the amine product in reactions without DMFA addition 
and with DMFA addition testifies to the expediency of 
catalytic quantities of polar aprotic solvent usage, since 
in this case the yield is increased by 12.5% in average. 
Based on the role of polar aprotic solvents concepts, it 
is possible to assume that the introduction of DMSO 
and DMFA in the reaction medium allows:

• To reduce to a minimum the solvates formation 
with the amine component participation. 

• To increase the nucleophilic properties of the amino 
group.

• To increase the reaction rate and yield of the main 
products [41].

In the DMSO and DMFA medium we were unable to 
find the obvious traces of reaction. this confirms the 
conclusion about the necessity of acid catalysis, first 
of all, at the stage of benzoxazinonesde cyclization. 
According to the projections, the structure of 
synthesized compounds is confirmed on the basis 
of elemental analysis data, and also UV-, IR- and 
NMR-spectroscopy. Electronic absorption spectra are 
measured on the spectrophotometers of CF-103 in 1 cm 
thick quartz cuvettes of ethanol solvent.

TABLE 1. Percentage of yield obtained with different solvents

Compound B

Compound D

95

95

80

83

70

70

=

=

=

=

Solvent(s)

Compound

DMSO 
+ glacial 
acetic a

DMFA 
+ glacial 
acetic a

glacial 
acetic a

DMSO DMFA
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IR-spectra are measured on spectrometer specord 
IR-75 in a suspension in Vaseline oil. NMR spectra 
were registered on Brucker-300Mhz device at 20°C 
in HMDS, as the internal standard. All reagents 
corresponded to BDH, SIGMA and ELDRICH.

For a thin-layer chromatography, plates of “Silufol 
UV-254” were used. Iodine vapours were used as a 
developer. Ultraviolet spectra of absorption of the 
synthesized compounds are characterized by two wide 
absorption bands.

For quinazolinones-4, the front strip in most cases 
is within the limits of 240-290 nm, rarely of 250-
320 nm and it is a high-intensity one. The second 
strip is more intensive in the range of 200-220 nm. 
In IR-spectra of all quinazolinones-4 we can observe 
the absorption strips in the range of 1640-1675(Ar-
C=O),1590-1650,1520-1580,1460-1500 cm-1- which 
are characteristic for quinazolinone cycle [42, 43, 44]. 

Pharmacology investigations

Study of acute toxicity

Table 2 represents acute toxicity results of N-sulfonamide 
derivatives of quinazolinone-4. Acute toxicity of new 
quinazolinone-4 derivatives investigation has shown 
that these substances according to the classification of 
K.K. Sidorov [45] are related to substances V1 classes of 
toxicity, which means that they are practically nontoxic 
and harmless. These substances are characterized by 
the same toxicity as class IV [45] and have an LD50 

[46] Safety (MSDS) data for drugs. -London, 2005. [Electronic resource]- 
Access mode: http:// Physchem.ox.ac.uk.  

[42] Silverstein, R.M., Clayton Bassler, G. & Morril, T.C. (1991). Spectro-
scopic Identification of organic compounds. 5th ed., New York, 419.

[43] Tashhodjaev, B., Turgunov, K.K & Kristallovich, A.L. (1999). IR-
specters and crystallic structure of chlorhydrates and complex of salts 
of 2,3-polymethylene-3,4-dihydriquinazolinone-4. J. Chem. Natural 
Products, 3: 364-367.

[44] Nakanishi, K. (1965). The infrared spectra and structure of organic 
compounds. M:, 216. 

[45] Sidorov, K.K. (2004). About harmonization of domestic and inter-
national classifications of acute toxicity of chemicals. Toxicological 
Vestnik, 6: 2-3.

of 930mg/kga when it is intraperitoneal injected into 
mice [46].

The life duration of the mice in the control group is 86.0 
± 11.0 min. Piracetam increased this index by 25%. 
Investigated substances, compound B and D, extended 
their duration of life in relation to the control group 
by 76.2% and 77.9%, respectively. In comparison to 
the standard Piracetam preparation, the investigated 
substances showed a higher anti-hypoxic effect, 
increased by 40.8% (in compound B) and by 42.2% (in 
compound D).

Anti-hypoxic Study

The results of anti-hypoxic activity are presented in 
Table 3.

TABLE 2. Acute toxicity of N-sulfonamide derivatives of 
quinazolinone-4. *IPR-MUS: intra-peritoneally in mice.

Compound B

Compound D

3500

2800

VI (harmless)

V (practically 
nontoxic)

Laboratory 
index.

R
LD50 mg/kg

(IPR-MUS)*
Class of
toxicity

TABLE 3. Results of anti-hypoxic activity

1. (control)

2. (compared drug)

3. (1st Investigated drug)

4. (2nd Investigated drug)

Physiologic solution 

Piracetam  (100 mg/kg)

Compound B (50 mg/kg)

Compound D (50 mg/kg)

86.0 ± 11.0

107.6 ± 4.8

151.5 ± 19.5 *#

153.0 ± 2.5 *#

No. of exp. Substance
Duration of 
life in min.

(M ± m)

*-statistically significant change in comparing with control 
group animal (P<0.05)
#-statistically significant change in comparing with compared 
drug (P<0.05)
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TABLE 4. Molecular docking scoring affinity and RMSD for 
compounds D, B, Paracitam and Aniracitam

Compound D

Compound B

Paracitam

Aniracitam

-8.4

-8.1

-6.4

-5.7

0

0

0

0 

Compounds
Binding 

Affinity(Kcal/mol)
RMSD deviation 
from best mode

• The duration of mice’s life in the control 
group is 86.0 ± 11.0 min.

• Piracetam increased this index by 25%.

• Investigated substances, compound B 
and D, extended their lifespan in relation 
to the control group by 76.2% and 77.9%, 
respectively.

• In comparison to the standard Piracetam 
prepa-ration, the investigated substances 
showed a higher activity anti-hypoxic 
effect, increased by 40.8% (in compound 
B) and by 42.2% (in compound D)

Molecular docking studies

To predict the possible binding mode of this series of 
compounds (B and D) with GluA3 (PDB ID: 3LSX), 
the docking study was performed using Piracetam and 
Aniracetam as control.  Figure 5 and Table 4 show that 
compound D is the most active derivate and was found 
to have the best fit. This compound which has the best 
hypoxic action and the best docking score of -8.4 Kcal/
mol prompted us to look for the possible interactions 
that formed with Lys 218 and Ile 92 and Arg 149, Ser 
142 (Figure 6).

Figure 5. (A) Docked poses of compound D at the binding cleft of 
domain GluA3. (B) Compound D and B superimposed.

Figure 6.Possible interactions with compound D inside domain GluA3.
(A): 3D Model of compound D and residues cleft hydrogen bond formation 

between Compound D (-S=O and NH of Lys 218) and (–N=H and–O=H of Ile 92)
(B): 2D model: Interaction of compound D inside domain GluA3.

Compound B, D and Aniracitam are favourably fitted 
into the GluA3 domain (Figures 7, 8). The residues Ile 
92 and Lys 218 establish hydrogen bonding interactions 
with –S=O and –N-H of the derivate compounds. Another 
Aniracetam hydrogen bond was formed between Leu 
94 and O-H, other interaction Alkyl with residues Arg 
149, Lys218 and valin 95 as interaction of synthesis 
compounds (Figure 9). Piracetam also interacted with 
residues Ser 142 by a hydrogen bond. Compounds D 
and B were positioned at GluA3 domain as well as 
Piracetam and Aniracetam drugs.

Figure 7. Docked poses of compound B and possible interaction 
at the binding cleft of domain GluA3. 

(A): Docked poses of compound B inside domain GluA3.
(B): 3D model of compound B and residues Arg 149 and Lys 218, 

Ile 92 and Ser 142. 
(C): 2D model of compound B and possible interaction.
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Figure 8. (A) Docked poses of Aniracetam D inside domain GluA3.
(B) Docked poses of compound B, D and Aniracetam, favourably fitted into 

GluA3 in a similar way to Aniracetam.

Figure 9. Docking pose and possible interactions between compounds Piracetam 
and Aniracetam inside domain GluA3.

(A): 3D Model of docking of all compounds D, B, Piracetam and Aniracetam inside 
domain GluA3. 

(B): 3D Model of possible interaction of Aniracetam inside domain of Glu3.
(C): 3D model of possible interaction of Piracetam inside GluA3 domain.

(D): 2D model of possible interaction of Aniracetam.
(E): 2D model of possible interaction of Piracitam.

Conclusion

In the present study, we have synthesized a variety of 
quinazolinone-4 derivative containing in N-3 nucleus 
of quinazolinone aryl sulfonamide fragments.

Synthesis of 4-(4-Oxo-2-phenyl-4H-quinazolin-
3-yl)-N-pyrimidin-2-yl-benzene sulfonamide 
(Compound B) and N-(4,6-Dimethyl-pyrimidin-
2-yl)-4-(4-oxo-2-phenyl-4H-quinazolin-3-yl)-
benzene sulfonamide (Compound D) are carried 
out in the lab by allowing interaction of 2-phenyl 
benzoxazinones-4 with p-aminobenzene sulfona-

mides in a medium of acid catalyst and strong 
polar aprotic solvents (DMSO or DMFA).

Strong polar Aprotic solvents (such as DMSO 
and DMFA) were approved to increase the yield 
of reactions by 25% and 12.5%, respectively.

The introduction of the quinazolinone cycle
in the place of primary amine of the sulfanila-
mide molecule leads to a reduction of its 
toxicity and show new and interesting pharma-
cological activity.

The new quinazolinone-4 derivatives gave a 
Pa < 0.5 as nootropic by the PASS program, 
but experiments on animals confirmed the 
anti-hypoxic activity of the compounds, which 
means they might occur as new chemical 
entities. Compound D has shown the strongest 
anti-hypoxic activity. A docking study of the 
synthesized derivatives with GluA3 confirmed 
the result in vitro and revealed that compound 
D is an anti-hypoxic agent.
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Abstract

CD36 is a membrane protein that facilitates long chain fatty acid (FA) transport in muscle 
tissue. The role of its expression in overall metabolism and its impact on muscle and heart 

function was examined by studying a newly generated mouse model, CD36-KO mice (GR model). 
This model harbours the CD36 gene under the control of the creatine kinase promoter, allowing 
its expression in muscles and heart.

Specific expression of the CD36 protein was confirmed by western blot analysis and immune 
fluorescence labelling. Unlike CD36 null mice, GR mice had no fasting hypo-glycaemia and their 
plasma treacly-glycerol and free fatty acid levels, which are increased in the KO mice, were 
restored to WT levels by muscle-targeted CD36 re-expression.

Moreover, CD36 null mice subjected to forced swimming tests showed a drastically reduced ability 
to endure exercise in comparison to wild type and GR mice. This suggests decreased glycogen and 
treacly-glycerol levels of CD36-deficient muscles and their impaired ability to oxidize palpitate. 
Fatty acid oxidation rates were significantly higher in GR muscles than in CD36-null muscles but 
comparable to the wild type rates. Stimulation by dipyridamole increased oxidative rates in wild 
type and GR muscles, but did not affect oxidation in KO muscle, confirming a role in metabolism.

The present study showed that muscle and heart performances were affected by CD36 expression. 
Results shed some light on the role of genetic and environmental alterations on CD36 expression 
and its impact on human performance and athletic ability.

Keywords: CD36, Endurance, Exercise, Fatty acid transport, Fatty acid oxidationn.
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1. Introduction

Early work with isolate dratadipocytes indicated the 
existence of a facilitated transport mechanism besides 
the simple diffusion of long chain fatty acids (FA) [1]. 

A heavily glycosylated 88-kDa integral membrane 
protein was identified as a candidate FA transporter 
using reactive sulfo-N-succinimidyl derivatives of long–
chain FA [2]. The corresponding c DNA, isolated 

[1] Abumrad, N.A., Perkins, R.C., Park, J.H. & Park, C. R. (1981). Mechanism 
of long chain fatty acid permeation in the isolated adipocyte. J. Biol. 
Chem256, 9183-9191.

[2] Harmon et al. (1993). AIP Conf. Proc. 280, 1st Compton Gamma Ray 
Observatory Symp., ed. M. Friedlander, N. Gehrels & Macomb, D. 
(New York: AIP), 314.
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fromaratadipose tissue library, encoded FAT (for FA 
translocase) [3], which is therat homologue of the 
human platelet CD36, also known as PASIV, GPIV 
and GPIIIb in earlier literature [4]. Tissues with active 
FA metabolism expressed CD36 with abundance, 
correlating with their presumed role in FA uptake 
[3,5,6,7]. In vivo, the expression of CD36 was regulated 
in altered lipid metabolism conditions such as type 2 
diabetes and high fat diets [8, 9].

The physiological role of the protein CD36 was 
established by the generation of the CD36 KO mice 
model [10]. Indeed, this model [10, 12-13] exhibits a 
higher than 60% decrease of FA uptake and utilization 
by some tissues such as heart, oxidative skeletal muscle, 
and adipose tissues. On the other hand, Mice over 
expressing CD36 in muscle [11] showed an increased 
FA oxidation in response to contraction.

In CD36 deficient spontaneously hypertensive (SHR) 
rats, defective FA uptake is accompanied by a large 
shift towards glucose metabolism, hyperinsulinemia, 
insulin resistance and the development of myocardial 
hypertrophy [14,15]. All these defects were improved 
in congenic and transgenic rats re-expressing CD36, and 
are thus directly attributable to the CD36 gene [14-17].

CD36 deficiency is also known to occur in humans,and 
several mutations esulting in this condition have been 
observed [18]. The prevalence of CD36 deficiency 
varies from 0.3 to 11% and the higher incidences are 
found among the Asian and African populations [19]. 
Humans with CD36 deficiency showed a myocardial 
FA uptake defect [19, 18] similar to the one observed 
in CD36 KO mice [13]. In humans, CD36 deficiency 
may underlie some forms of cardiac diseases such as 
hypertrophic cardiomyopathy [17,20-21].

[3] Abumrad, N.A., El-Maghrabi, M.R., Amri, E.Z., Lopez, E.& Grimaldi, 
P.A. (1993). Cloning of a rat adipocytemembrane protein implicated in 
binding or transport of long-chain fatty acids that is induced duringpre-
adipocyte differentiation: Homology with human CD36. J BiolChem, 
268, 17665-17668.

[4] Greenwalt, D.E., Lipsky, R.H., Ockenhouse, C.F., Ikeda, H., Tandon, 
N.N. & Jamieson, G.A. (1992). Membrane glycoprotein CD36: A 
review of its roles in adherence, signal transduction, and transfusion 
medicine. Blood, 80, 1105–1115.

[5] Van Nieuwenhoven et al. (1995) Putative membrane fatty acid translocase 
and cytoplasmic fatty acid-binding protein are co-expressed in rat heart and 
skeletal muscles. Biochem Biophys Res Commun,18 207(2): p.747-52.

[6] Luiken, J.J., Schaap, F.G., van Nieuwenhoven, F.A., van der Vusse, G.J., 
Bonen, A. & Glatz, J.F. (1999). Cellular fatty acid transport in heart and 
skeletal muscle as facilitated by proteins. Lipids, 34 (Suppl.), 169–175.

[7] Luiken, J.J., Turcotte, L.P. & Bonen, A. (1999). Protein-mediated 
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To be able to further analyse the direct and possibly 
secondary effects of CD36 deficiency, we generated 
a new transgenic mouse line using a genetic rescue 
approach. By restricting CD36 expression to heart and 
skeletal muscles, we were able to correct, and thus 
further specify the main abnormalities of FA metabolism 
in the CD36 null mouse. We report that the absence of 
CD36 severely impacts muscle energy production and 
leads to lowered endurance during exercise.

Materials and methods

Materials

The Immun-Star Detection Kit was from Bio-Rad. 
Immobilon PVDF transfer membranes were from 
Millipore. Enzymes for DNA manipulation were 
from Roche Molecular Biochemicals. The polyclonal 
CD36 antibody F2-35 was generated in rabbits against 
rat adipocyte CD36. Kodak films, FA, and all other 
chemical products were from Sigma.

Generation of GR-mice

Animals received human care in compliance with the 
“Principles of Laboratory Animal Care” formulated 
by the National Society for Medical Research and 
the “Guidelines for the Care and Use of Laboratory 
Animals” prepared by the National Academy of 
Sciences and the National Institutes of Health (NIH 
publication 85-23, revised 1985).

Male mice of different genotypes were housed in a 
barrier-free facility and maintained on a chow diet. 
They were placed at 4 weeks of age and were followed 
for a period of 14 weeks. The mice were weight, age 
and sex-matched.

Generation and identification of CD36 gene-rescued 
mice: CD36 null mice were generated by targeted 
gene-disruption and backcrossed 4 times to C57Bl/6 
[10]. Wild-type control littermates were bred from the 
same cross as the nulls and were therefore of identical 
genetic background. CD36 gene rescued (GR) mice 
were generated on the CD36 null background using 
the same approach as previously described [11]. A 
linear SalI CD36 mini-gene was injected into the male 

pronucleus of fertile eggs from superovulated females 
of the CD36 null line. These females had been mated 
with CD36 null males and micro injected eggs were 
transferred into the oviducts of surrogate CD36 null 
females. The mini-gene contained the full-length rat 
CD36 cDNA including the poly-adenylation signal, 
controlled by the regulatory sequences (3.3 kb) of the 
mouse muscle creatine kinase gene (MCK).

GR founders were identified by southern blot on genomic 
DNA from tail biopsies as previously described [11].
Transgenic offspring were identified by PCR amplifi-
cation of a segment of the CD36 gene using the fol-
lowing primers: 
5’[GGCTGCGATCGGAACTGTGGGC]-3’
and
5’-[CGATCGGAACTGTGGGCTCATTAC]-3’.
These primers amplify a 400-bp segment of the transgene.

Protein analysis

CD36 protein expression was examined by Western 
analysis. Skeletal muscle was homogenized in 1 ml of 
ice-cold TES buffer (20 mMTris-HCl, 1 mM EDTA, 
250 mM sucrose, pH 7.4) and a microsomal pellet was 
obtained by centrifuging at 350,000 x g. Samples from 
this pellet (20-50 mg of protein) were subjected to 
SDS-PAGE according to Laemmli et al. [21], followed 
by transfer to a PVDF membrane. The membrane was 
blocked with 5% non-fat dry milk and incubated with 
a polyclonalanti-CD36 antibody for 2h. After washing, 
immune-detection was carried out using the horse 
radish peroxidase conjugated go at anti-rabbit antibody 
(1h,1: 10,000 dilution) of anImmun-Star Detection Kit 
according to the manufacture’s manual.

Immunostaining

Tissues were quickly rinsed in a saline solution and 
immersed for 48 hours in formal in followed by a 
sucrose solution. Cryo sections on glass slides were 
washed with PBS (PBS: 100 mMNaCl, 4.5 mMKCl, 
3 mM Na2HPO4, 33mM KH2PO4) and then blocked 
with normal goat serum at room temperature for 1 hour. 
Subsequently to PBS washing, primary polyclonal 
antibodies anti-CD36 (F2-35) were added.  Incubations 
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were conducted overnight at 4°C. The slides were then 
washed with PBS and secondary antibodies were 
applied in blocking buffer for 1h at room tempe-rature. 
The secondary antibodies were fluoresce in (FITC)-
conjugated goat anti-rat IgG from Jackson Immuno 
Research Laboratories Inc. The slides were then washed 
with PBS, mounted with Vectashield (VECTOR), 
and examined using either a standard fluorescence 
microscope or a confocal microscope.

Analysis of blood parameters

Blood parameters were analysed from overnight (16 
hours) fasted animals. Tail vein blood was collected in 
EDTA-rinsed tubes and plasma was prepared imme-
diately. Triglyceride levels were determined using the 
Infinity enzymatic kit from Sigma Diagnostics (St. 
Louis, MO) and determination of plasma free FA levels 
was carried out with the Wako kit (Wako Chemicals, 
Richmond, VA). Plasma insulin was measured using 
a Linco kit (St Charles, Missouri, USA). Glucose was 
measured in whole blood with a MediSense glucose 
analyser.

Triacylglycerol, glycogen and ATP levels in tissues

Hind limbs and liver of fasted mice were quickly rinsed 
in saline, clamped between aluminium tongs precooled 
in liquid nitrogen and stored at -80ºC. Tissue glycogen 
was measured as glucose after hydrolysis with KOH 
(30%) and HCL (0.6 N) [22]. Triacylglycerol content 
was determined enzymatically after lipid extraction as 
previously described [23]. Tissue protein was deter-
mined following the method of Mark Well et al. [24].

Fatty acid oxidation by isolated soleus muscles

The soleus muscles, including the tendons were quickly 
and carefully excised from the animals and placed in a 
capped 10 ml vial containing 5 ml KHB supplemented 
with 2% BSA. After 20 min incubation in a shaking 
water bath (150 strokes/min) at 30ºC, the muscles 
were quickly transferred to new vials (1 4 soleus/
vial) containing 3 ml KHB with 0.2 mMpalmitate 
and 0.45 Ci/ml [1-14C] palmitate (ICN, Irvine, CA) 
complexed to 2% BSA. An antibiotic/antimyocytic 
solution (Sigma, St. Louis, MO) was added to the 
latter medium to prevent bacterial growth. The vials 
were capped and 30ºC-incubation was continued 
for30 min. The incubation medium was then quickly 
transferred to new vials (Kontes, Vineland, NJ). The 
rubbercaps of these vials were equipped with a centre 
well filled with 200l of ethanolamine/ethylene glycol 
(1:2, vol:vol). Perchloric acid was added through the 
cap to a final concentration of 0.6 M and the vials were 
incubated overnight with light shaking. The amount of 
CO produced was determined by liquid scintillation 
counting of the ethanolamine/ethylene glycol mixture.

Dipyridamole (dissolved in DMSO at 100 x final 
concentration) was added after the initial 20-minute 
incubation at 30ºC.

Forced swimming test

Mice were individually forced to swim in a transparent 
glass vessel by attachment of a weight equivalent 
to 6.67% of the mouse’s body weight. The water 
temperature was maintained at 30º C. To swim, mice 
need to move their legs permanently to keep their 
heads above the water, and they were considered to be 
exhausted when they showed the first signs of stopping 
this movement. Time to reach exhaustion was recorded. 
The mice were forced to swim 4 repetitive times with 
15 min intervals of rest.

Statistical analysis

Data are expressed as mean ± SEM. The significance 
of the difference in mean values was evaluated using 
the two-tailed, unpaired Student’s t-test assuming equal 
variance. Significance was accepted at p <0.05.

[22] Passonneau, J.V. & Lauderdale, V.R.(1974). A comparison of three 
methods of glycogen measurement in tissue. Anal. Biochem, 60.405-
412.

[23] Folch, J., Lees, M. & Sloane-Stanely, G.H.(1957). A simple method for 
the isolation and purification of total lipids from animal tissues. J. Biol. 
Chem 226.497–507.

[24] Markwell, J.P., Reinman, S. & Thornber, J.P. (1978). Chlorophyll-protein 
complexes from higher plants. A procedure for improved stability and 
fractionation. Arch. Biochem Biophys, 190(1).136–141.
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Results

Generation of a transgenic mouse model re-expressing 
CD36 in heart and skeletal muscle on the CD36 null 
background

The muscle creatine kinase promoter was used to 
generate CD36 gene-rescued Mice (GR) expressing 
this gene in heart and muscle CD36 knock-out mice 
(KO). Mice were screened by Southern blot then 
subjected to PCR analysis. Using primers specific for 
the injected construct, no signal was detectable in DNA 
from CD36 null mice and their wild-type littermates 
(data not shown). Restoring CD36 protein expression 
in skeletal muscles from gene-rescued (GR) mice was 
examined by Western analysis. As shown by Febbraio 
et al. for KO and WT [10], Figure 1a shows that 
membrane-associated CD36 levels in GR muscles 
were comparable to wild-type levels, while the CD36 
protein was undetectable in CD36 null muscles. GR 
tissues other than heart and muscle were negative 
for the CD36 protein (results not shown). In order to 
confirm the cardiac expression of CD36 in rescue mice, 

we examined heart tissue sections from the different 
animals by immunohistochemistry. GR mice (Figure 1, 
panel b) showed a high expression level of CD36 that 
was comparable to the wild type levels. CD36 null 
hearts showed no expression of CD36 confirming the 
absence of the protein in these mice.

Rescue of the CD36 null phenotype in GR mice

Upon fasting, CD36 null mice showed hypoglycemia 
and elevated plasma levels of triglycerides (Figure 2).  
Rescuing the expression of CD36 in heart and muscle 
of GR mice normalized the levels of triglycerides. 
Although GR glucose levels were significantly higher 
in the CD36-null mice, they did not reach the levels of 
the WT mice (Figure 2). Fasting glucose and insulin 
levels of WT micewere similar to those of GR mice but 
were significantly higher than in CD36-null mice.

Endurance during exercise

Since muscle ability to perform work is highly dependent 
on energy from FA-oxidation, we tested whether CD36 
expression impacts the ability to exercise. Forced 
swimming tests were used to examine wild-type, CD36 

Figure 1: Generation of transgenic mice overexpressing CD36 in 
muscle tissues.

Panel a: CD36 protein expression was analysed by Western blot. Proteins 
were prepared as described in experimental procedures. CD36 protein 
levels from different mice WT (wild type); KO (CD36-null) and GR 
(CD36-rescue mice) were detected using a monoclonal antibody against 
CD36. Reaction with pre-immune sera did not yield a detectable signal 

(not shown). Immuno-detection was by Immun-Star Detection kit.
Panel b: Immunofluorescence studies of CD36 expression in muscle of 
different animal models. Tissue sections prepared from mouse muscle 
were incubated with rabbit polyclonal antibodies against CD36 followed 
by a fluorescein-conjugated goat anti-rabbit IgG. Sections were viewed 

under a confocal microscope.

Figure 2: Fasting plasma levels of TGs (mg/dl), FAs (mM), glucose 
(mg/dl) and insulin (ng/ml) for WT, CD36-null and GR mice maintained 
on chow diet. Mice were fasted overnight. Blood was collected from 
the tail vein into EDTA-coated tubes and centrifuged to separate out 
plasma, which was used to determine triglyceride and insulin levels. 
Glucose levels were determined on whole blood. Data are mean 
± SEM and n was 4 or more for each mouse group (P<0.01). *KO 
Significantly different from wild-type and GR mice. NS. No  significant

difference between wild-type and GR mice.
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null, and GR mouse tolerance to endurance exercise 
(Figure 3).

CD36 null mice’s isolated soleus muscles, which have 
low energy stores (Figure 4), showed a drastically reduced 
ability to oxidize. As shown in Figure 5a, the palmitate 
oxidation rate of the GR soleus was significantly higher 
compared to the CD36 null muscle, and comparable to 
the rates of wild-type muscle. Significant differences in 
soleus weights were absent (results not shown).

Dipyridamole was shown to stimulate palmitate oxidation 
in a concentration-dependent manner in cells expressing 
CD36 [25] and was used in the same set of experiments. 
Figure 5b shows that oxidation increased in the WT 
and GR muscles (expressing CD36) in comparison to 
the KO animals lacking CD36.

Stimulation of FA uptake using dipyridamole increased 
palmitate oxidation by both the wild-type control and 
the GR soleus, but did not show an effect on the CD36 
null muscle (Figure 5b). Wild-type and GR oxidation 
rates remained statistically indistinguishable after dipy-
ridamole stimulation.

Glucose utilization

Tissue in vivo glucose uptake was measured to determine 
the effect of CD36 rescue in GR mice on glucose 
uptake and metabolism. When comparing F-2- FDG 
uptake in GR mice to CD36Ko (Figure 6), decreased 

Figure 3: Forced swimming test of GR mice. Wild-type (WT), CD36 null and 
gene-rescued GR mice (n=6 per group) were forced to swim until exhaustion 
as described in experimental procedures. Time to reach exhaustion was 
recorded and swimming was repeated 4 times with 15 min intervals. Data 
are mean ± SEM. *KO Significantly different from wild-type and GR mice. 

NS. No significant difference between wild-type and GR mice.

Figure 4: Glycogen, TG and ATP contents in muscle of WT, CD36-null 
and GR mice fed chow diet.

Muscle tissues were collected from different animal models and levels 
of glycogen, triglycerides and ATP were determined as described in 
experimental procedures. Data are mean ± SEM and n was 5 for each 
mouse group (P<0.01). *KO Significantly different from wild-type and 
GR mice. NS. No significant difference between wild-type and GR mice.

Figure 5: Palmitate oxidation by soleus muscle from GR mice. Palmitate 
oxidation rates of isolated soleus muscles from wild-type (WT), CD36 null 
and gene-rescued GR mice were determined at a low fatty acid/BSA ratio. 
Panel arepresents fatty acid oxidation of non-stimulated muscles (n=3 per 
group). In panel b, fatty acid oxidation was stimulated by addition of 100 
mM dipyridamole (n=3 per group). Data are mean ± SEM. *Significantly 
different from wild-type and GR mice (P<0.01). *KO Significantly different 
from wild-type and GR mice. NS. No significant difference between wild-type 

and GR mice.

[25] Luiken, J.J., Coort, S.L., Willems, J., Coumans, W.A., Bonen, A., Glatz, 
J.F. (2004). Dipyridamole alters cardiac substrate preference by inducing 
translocation of FAT/CD36, but not that of GLUT4. MolPharmacol. 
65(3).639-45.
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levels were observed in hearts, diaphragms, soleus, 
gastrocnemius, and hind limb muscle, unaltered levels 
in a dipose tissue, and increased levels in the liver, in a 
way comparable to the WT mice (Figure 6).

Discussion

The present study showed that CD36-facilitated FA 
transport in skeletal muscle plays a key role in the 
ability to exercise. The re-expression of CD36 in heart 
and skeletal muscle reversed the main abnormalities 
in FA metabolism previously described in CD36 null 
mice. Gene-rescued GR mice showed normal blood 
parameters, and FA oxidation rates by isolated soleus 
muscles were comparable to the WT rates. CD36 null 
animals displayed both significantly decreased muscle 
FA oxidation rates and a drastically lowered ability to 
undergo forced exercise. The muscle-targeted rescue of 
CD36 expression in GR mice resulted in a completely 
normalized endurance to forced exercise. The decreased 
tolerance to exercise of CD36 null animals is essentially
due to a decreased ability to store metabolic energy, thereby 
impacting energy expenditure. This was demonstrated 
by the observation that muscle triacylglycerol and 
glycogen contents are significantly decreased in CD36 
muscles, whereas these levels in wild-type and GR 
muscles were fully comparable. All these findings are 
consistent with the concept that cellular energy derived 
from CD36-mediated FA uptake is a determinant for 
the ability to exercise.

It is understandable that since most of the muscle’s 
fibres have a high dependence on energy from FA 
oxidation, CD36 expression, which mediates FA uptake 
and utilization, impacts the ability of muscles to 
perform work. Coburn et al. [12] showed at least a 60% 
reduction in FA uptake by the heart and red muscles of 
CD36 KO mice which was compensated by an increase 
of glucose utilization [12,26]. Nevertheless, this seems 
to be insufficient to maintain anormal metabolic energy 
storage and production and the effects became apparent 
at heightened cellular demands such as during forced 
exercise. In line with this, were cently demonstrated 
that CD36 null heart shave a drastically lowered tole-
rance to ischemia and reperfusion [27]. Bonen et al. 
[28] recently showed that the acute regulation of FA 
uptake by muscle activity involves the translocation 
of CD36 from intracellular stores to the sarcolemma. 
This molecular mechanism appears to be similar to 
membrane recruitment of GLUT-4 during the regulation 
of glucose uptake [29]. In our experiments, adding 
dipyridamole the muscle incubations did not show an 
effect on the FA oxidation rate of the CD36 nullsoleus. 
However, our data also elegantly demonstrates the 
key role for skeletal muscle in the maintenance of 
FA homeostasis. Alterations in CD36 facilitated FA 
transport, and subsequently FA utilization in muscles, 
which were directly reflected in the blood as both, the 
defect in muscle FA oxidation and the alterations in 
plasma metabolite present in CD36 null mice, could 
be reversed by muscle-targeted re-expression. Skeletal 
muscle, by being a key FA oxidizer, is the principal 

Figure 6: 18F-2-FDG uptake by tissues of CD36-null and WT mice fed 
Chow diet. 18F-2-FDG (12 μCi) was injected into a lateral tail vein of mice 
fasted for 16 hours that were maintained on a Chow diet. At the end of the 
experiment, tissues were removed, weighed and counted for 18F-2-FDG 
radioactivity. The uptake rate is expressed per gram of wet weight tissue 
(ww). FDG uptake was determined as described in Methods. Data are means 
± SEM (n = 4). *P <0.05. *Significantly different from wild-type and GR 
mice. NS. No significant difference between KO, wild-type and GR mice.
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site for the removal of FA from circulation, and this 
removal is mediated by the CD36 protein. Interestingly, 
the findings also imply that the expression of CD36 
by structural muscle cells is sufficient for maintaining 
normal FA uptake rates and the plasma metabolite 
levels.

Conclusion 

In conclusion, the present study demonstrates the 
role that CD36 expression could play in muscle 
function and performance. Experiments underway will 
help determine if genetic or environmental factors’ 
alterations affecting CD36 levels could impact human 
muscular performance and athletic ability.
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Abstract

Commiphora gileadensis L is one of the most well-known plants used in traditional medicine 
in Yemen. It is used in the treatment of burns and skin infections. The present study aims to 

determine the phytochemical content and the anticancer and antiviral activity of the methanolic 
extract of Commiphora gileadensis L bark.

The plant’s bark was collected from the Province of Hadramout, south of Yemen, with the 
assistance of a traditional medical practitioner. The plant material was extracted by maceration 
in 4L of 99.9% methanol for one week. Cytotoxic activity was assayed by MTT and carried out on 
six types of cancer cells and four types of viruses.

Phytochemical screening revealed that the extracts were rich with flavonoids, phenols, tannins, 
steroids, amino acids, triterpiene glycosides and saponin. The results showed the extract exhibited 
no antiviral activity, but had moderate anticancer properties against HELA and A-549 cell lines, 
and a weak anticancer effect against MCF-7 cells, HepG2, HCT-116, HEP-2 and PC-3.

Themethanolic extract of the Commiphora Gileadensis L. bark showed promising anticancer 
properties activity against Lung carcinoma cells (A-549) and cervical carcinoma cells (HELA) 
with IC50 24.5 and 24.9, respectively.

Keywords: Antiviral activity, Biological Activities, Commiphora gileadensis L, Cytotoxicity.
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1. Introduction

The genus Commiphora belongs to the burser 
aceaecompositae family and is represented by more 
than 150 plant species. These are distributed in the 
tropical and subtropical regions, occurring especially 
in north eastern Africa, southern Arabia and India [1,2]. 

[1] Paparozzi, E.T. (2005). Plant Resins-Chemistry, Evolution Ecology and 
Ethnobotany. HortScience, 40(3):508-508.

[2] Vollesen, K. (1989). Burseraceae. Flora of Ethiopia. 3:442-478.
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The Commiphora species exhibits diverse therapeutic 
utilities, such as against wounds, pain, fractures, mouth 
ulcers, inflammatory diseases, stomach disorders and 
microbial infections [3]. One of the Commiphora 
species is the Commiphora gileadensis L of which the 
common name is Balm of Gilead and popular name is 
Balsam (in the Chilandar Medical Codex). It is found 
in Northern Africa, Northeast Tropical Africa and the 
Arabian Peninsula [4]. In Yemen, this plant is known 
as Bisham and grows especially in the valleys and 
mountains of Hadramout.

Cancer is a major health problem in both developing and 
developed countries. It is the second cause of mortality 
in the world. Yet, the successful treatment of cancer 
continues to be a challenge in the 21st century, and there 
is a need to search for newer and safer anticancer agents 
that have a broader spectrum of cytotoxicity against 
tumour cells. The use of traditional herbal medicine is 
well-known and plants still constitute a huge source of 
natural anticancer potentialities that might lead to the 
development of novel drugs [5, 6]. On the other hand, 
herbal medicine has attracted considerable interest 
as alternative cancer remedies because of their low 
toxicity and cost [7].

Considering the need for the anticancer and antiviral 
screening of natural products and the lack of such 
studies about the bark of Commiphora gileadensis L, an 
attempt was made to study the anticancer and antiviral 

activity of the methanolic extract of Commiphra 
gileadensis L bark, as well as its phytochemical study.

2. Material and Methods 

2.1. Plant Material

The plant bark was collected based on ethnopharmaco-
logical information from the Province of Hadramout, 
south of Yemen, with permission from the authorities, 
in full respect of the United Nations Convention on 
Biodiversity and with the assistance of a traditional 
medical practitioner. The plant material was 
authenticated by researcher Ahmed Salim Batahir, 
Head of Forests and Grasslands at the Public Authority 
for Agricultural Research and Extension. The bark 
sample was air-dried following the method used by the 
locals of Hadramout.

2.2. Preparation of the extract

For the methanolic extract, 1500g of air-dried 
Commiphra gileadensis L bark were macerated in 
4L of 99.9% methanol for one week. The macerated 
barks were filtered and the filtrate was evaporated 
under reduced pressure using a rotary evaporator. The 
process was repeated five times till complete extraction 
of bark [8].

2.3. Preliminary phytochemical screening

TLC technique was used to identify the components of 
the Commiphora gileadensis L bark using a TLC plate 
coated with silica gel 60 F254 for TLC [9]. For the 
mobile phase Ethyl acetate: Methanol: Water (30:5:4) 
were added to achromatographic tank. Micro drops of 
the concentrated solutions of the fractions obtained 
(Petroleum ether, chloroform, ethyl acetate, methanol, 

[3] Shen et al. (2012). The genus Commiphora: a review of its traditional 
uses, phytochemistry and pharmacology.Journal of ethnopharmacology, 
142(2):319-330.

[4] Jaric et al. (2011). Phytotherapy in medieval Serbian medicine according 
to the pharmacological manuscripts of the Chilandar Medical Codex 
(15th-16th centuries). Journal of ethnopharmacology, 137(1): 601-619.

[5] Jinet al. (2011). Synthesis and antitumor activity of ureas containing 
pyrimidinyl group. European journal of medicinal chemistry, 46(1): 
429-432.

[6] El-Azab et al. (2010). Design, synthesis and biological evaluation of 
novel quinazoline derivatives as potential antitumor agents: molecular 
docking study. European journal of medicinal chemistry, 45(9):4188-
4198.

[7] Hu et al. (2009). Induction of apoptosis in human hepatocarcinoma 
SMMC-7721 cells in vitro by flavonoids from Astragaluscomplanatus. 
Journal of ethnopharmacology, 123(2):293-301.

[8] United Nations Industrial Development Organization. (2008). Extraction 
technologies for medicinal and aromatic plants. Earth, Environmental 
and Marine Sciences and Technologies.

[9] Shahid, A.A. (2012) Biological activities of extracts and isolated 
compounds from Bauhinia galpinii (Fabaceae) and Combretumvendae 
(Combretaceae) as potential antidiarrhoeal agents. University of 
Pretoria.
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aqueous extract) were spotted on pre-coated silica gel. 
A froth test was carried out to identify saponin.

2.4. Cytotoxicity assay

The cytotoxicity assays were done by Al-Azhar 
University’s Regional Centre for Mycologyand 
Biotechnology, Egypt. Seven mammalian cancer cell 
lines were used in this study: MCF-7 cells (human 
breast cancer cell line), HepG2 (human liver cancer 
cell line), HCT-116 (human colon cancer cell line), 
HELA (Cervical carcinoma cells), PC-3 (prostate 
carcinoma cells), HEP-2 (human epithelium cells) 
and A-549 (Lung carcinoma cells).The cells were 
obtained from the American Type Culture Collection 
(ATCC) and were propagated in a RPMI-1640 medium 
supplemented with 10% of heat-inactivated foetal 
bovine serum, 1% of L-glutamine, HEPES buffer and 
50µg/ml of gentamycin. All cells were maintained at 
37ºC in a humidified atmosphere with 5% CO2 and 
were sub cultured two times a week.

2.5. Evaluation of cellular cytotoxicity

The cytotoxicity assays were done by Al-Azhar 
University’s Regional Centre for Mycology and 
Biotechnology, Egypt. The cytotoxic activity was 
evaluated according to [10] and [11] method. The 
tested cell lines were seeded in a 96-well plate at a 
cell concentration of 1×104 cells per well in 100ml of 
growth medium. A fresh medium containing different 
concentrations of the plant extract was added after 
24 hours of seeding. Serial two-fold dilutions of the 
tested chemical compound were added to confluent 
cell monolayers dispensed into 96-well, flat-bottomed 
microtitre plates (Falcon, NJ, USA) using a multichannel 
pipette. The microtitre plates were incubated at 37ºC in 
a humidified incubator with 5% CO2 for a period of 48 
hours. Three wells were used for each concentration of 

the test sample. Control cells were incubated without 
test sample and with or without DMSO. At the end 
of the incubation period, the viable cells yield was 
determined by a colorimetric method. In brief, the 
media were aspirated and the crystal violet solution 
(1%) was added to each well for at least 30 minutes. 
The stain was removed and the plates were rinsed using 
tap water until all excess stain was removed. Glacial 
acetic acid (30%) was then added to all wells and 
mixed thoroughly, then the absorbance of the plates 
was measured after gentle shaking on the microplate 
reader (TECAN, Inc.), using a test wavelength of 590 
nm. The absorbance was proportional to the number 
of surviving cells in the culture plate. All the results 
were corrected for background absorbance detected in 
the wells without added stain. Treated samples were 
compared with the cell control in the absence of the 
tested compounds. All experiments were carried out in 
triplicate. The effect on cell growth was calculated as 
the difference in absorbance percentage in the presence 
and absence of the tested extracts and illustrated in a 
dose-response curve. The concentration at which the 
growth of cells was inhibited to 50% of the control 
(IC50) was obtained from this dose-response curve.

2.6. Antiviral activity using cytopathic effect inhibition 
assay

The antiviral activity assays were carried out by Al-
Azhar University’s Regional Centre for Mycology 
and Biotechnology, Egypt. This assay was selected to 
show the specific inhibition of a biological function, 
i.e., cytopathic effect (CPE) in susceptible mammalian 
cells [12]. In brief, monolayers of 10,000 Vero 
cells adhered at the bottom of the wells in a 96-well 
microtitre plate incubated for 24 hours at 37ºC in a 
humidified incubator with 5% CO2. The plates were 
washed with fresh DMEM and challenged with 104 
virus doses. Simultaneously, the cultures were treated 
with two-fold serial dilutions of tested compound in a 
fresh maintenance medium and incubated at 37ºC for 

[12] Hu, J.M., Hsiung, G.D. (1989). Evaluation of new antiviral agents: I. In 
vitro perspectives. Antiviral research, 11(5):217-232.

[10] Saotome, K., Morita, H., Umeda, M. (1989). Cytotoxicity test with 
simplified crystal violet staining method using microtitre plates and 
its application to injection drugs. Toxicology in vitro, 3(4):317-321.

[11] Itagakiet al. (1991). An in vitro alternative to the Draize eye-irritation 
test: evaluation of the crystal violet staining method. Toxicology in 
vitro, 5(2):139-143.
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two days. An infection control as well as untreated 
vero cells control was made in the absence of the tested 
compound. Six wells were used for each concentration 
of the tested compound. Observation under inverted 
microscope was made every 24 hours until the virus 
in the control wells showed complete viral-induced 
cytopathic effects (CPE). Antiviral activity was 
determined by the inhibition of the cytopathic effect 
compared to control, i.e., the protection offered by the 
tested compound to the cells was scored [13].

2.7. Statistical analysis

Data were expressed as means ± SD. Unpaired student-
t-test was conducted using the GraphPadinStat (ISI 
Software) computer program. Differences were 
considered significant at P values of less than 0.05.

3. Results

3.1. Preliminary phytochemical screening: 

The Preliminary chemical examination of Commiphora 
gileadensis L bark extract revealed the presence of 
various phyto constituents like flavonoids, phenols, 
tannins, steroids, amino acids, triterpiene glycosides 
and saponin (Table 1).

3.2. Cytotoxic activity:

The results showed that the incubated methanolic 
extract of Commiphora gileadensis L bark with 
tumour cell lines for 24 hours displayed variability 
in cell sensitivity against the extract and showed a 
concentration dependency. It exhibited more cytotoxic 
activity against A-549 (IC50 = 24.5 mg/ ml) and HELA 
(IC50 = 24.9mg/ mL) cell lines (Tables 2 and 3). But 
the extract induced a weak cytotoxic activity against 
other five cell lines MCF-7, HepG2, HCT-116, HEP-
2 and PC-3 (IC50=> 50,>50, >50, 47.8, >50mg/ ml, 
respectively (Tables 4–8).

[13] Vijayan et al. (2004). Antiviral activity of medicinal plants of Nilgiris.
Indian Journal of medical research, 120:24-29.

TABLE 1. Preliminary phytochemical composition

No

1

2

3

4

5

6

Chemical constituents

Flavonoids

Phenols +  Tannins

Alkaloids

Steroids + Amino acid

Steroids and Triterpiene glycosides

Saponin

C

+

+

-

+

+

P

-

+

-

-

+

Ch

-

+

-

+

+

Et

+

+

-

+

+

M

+

+

-

+

_

A

+

-

-

+

_

Extract

+

(+) present, (-) absent, (C) Crude extract, (P) Petroleum ether, 
(Ch) Chloroform, (Et) Ethyl acetate, (M) Methanol, (A) 
Aqueous.

TABLE 2. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on A-549 (Lung carcinoma cells)

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.  
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

4.71±0.30

8.56±0.77

14.72±0.94

22.23±1.37

33.42±3.98

41.91±1.26

0.85

Extract

39.48±1.20 a

48.89±0.83 a

79.26±0.32 a

91.43±0.93 a

98.72±0.92 a

100.0±0.0 a 

24.5

TABLE 3. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on HELA (Cervical carcinoma cells)

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.  
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

5.26±0.28

9.96±0.78

16.63±1.08

23.12±1.90

34.78±1.96

45.30±3.17

1.24

Extract

40.15±2.42 a

49.87±2.18 a

78.12±5.65 a

90.32±1.13 a

97.69±1.51 a

99.12±0.77 a

24.9
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TABLE 5. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on PC-3 (prostate carcinoma cells).

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

3.45±0.14

7.04±0.52

14.57±1.43

21.67±1.26

32.61±2.44

41.86±2.45

0.71

Extract

90.42±1.67 a

97.25±1.23 a

98.98±0.95 a

100.0±0.0 a

100.0±0.0 a

100.0±0.0 a

>50

TABLE 7. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on HEP-2 (Human epithelium cells).

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

4.67±0.63

9.25±0.66

15.73±0.74

24.25±2.99

33.47±2.42

44.90±2.42

1.13

Extract

48.56±2.88 a

64.97±1.22 a

79.43±1.14

88.64±1.30 a

93.78±0.94 a

97.39±1.04 a

47.8

TABLE 8. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on HepG2 (human liver cancer 

cell line).

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

4.53±0.42

8.70±0.45

14.83±1.23

17.13±1.28

25.10±1.48

35.36±1.39

0.47

Extract

97.18±0.18 a

98.96±0.09 a

100.0±0.0 a

100.0±0.0 a

100.0±0.0 a

100.0±0.0 a

>50

TABLE 6. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on HCT-116 (human colon 

cancer cell line)

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

5.38±0.79

8.73±0.94

15.27±1.57

18.17±2.02

23.65±1.64

33.13±1.79

0.46

Extract

78.20±0.90 a

89.44±0.33 a

94.78±0.69 a

97.63±0.24 a

100.0±0.00 a

100.00±0.00 a

>50

TABLE 4. In vitro cytotoxic activities of Commiphora 
Gileadensis L bark extract on MCF-7 cells (human breast 

cancer cell line).

Sample
concentration (mg/ml)

50

25

12.5

6.25

3.125

1.56

IC50 (mg/ml)

* Reference drug. a p value <0.001 compared to reference drug.  
# Mean of variability % ± standard deviation.

Mean of surviving fraction± S.D.#

Doxorubicin*

3.42±0.34

7.23±0.58

12.24±0.99

18.71±0.99

22.91±1.34

32.46±1.98

0.44

Extract

91.87±0.89 a

98.72±0.09 a

100.0±0.0 a

100.0±0.0 a

100.0±0.0 a

100.0±0.0 a

>50

3.3. Antiviral activity: 

Evaluation of antiviral activity by using cytopathic 
effect inhibition assay. The result showed that the 
methanolic extract of Bishambark (Commiphora 
Gileadensis L) was totally ineffective against all tested 
viruses (HAV-0, Coxsacki, HSV-1 and HSV-2).

4. Discussion

Many studies have examined several types of Com-
miphora species, including Commiphora Gileadensis 
L. These studies were carried out on many parts of the 
plant and have identified plant components, as well 
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as their cytotoxic activities. However, there are no 
studies on Commiphora Gileadensis L bark or on its 
cytotoxic activities, hence our study which aimed to 
identify the main components of the methanolic extract 
of Commiphora Gileadensis L, as well as its cytotoxic 
activities.

Commiphora Gileadensis L bark methanolic extracts 
showed a moderate dose dependent cytotoxic activity 
against HELA and A-549 (Tables 2 and 3), but exhibited 
weak cytotoxic effects against MCF-7 cells, HepG2, 
HCT-116, HEP-2 andPC-3, as shown in Tables 4-8.

This activity may be due to the presence of flavonoid 
compounds. These compounds are present in many 
types of normal human diet and in many folk medicines 
still in use. They have been known as beneficial agents 
in a multitude of disease states, most commonly cancer 
[14]; [15]; [16]; [17].

On the other hand, the preliminary phytochemical 
screening revealed that the Crude extract, petroleum 
ether extract, chloroform extract and ethyl acetate 
extract contain Triterpiene glycosides of which the 

cytotoxic activity was approved by many studies [18]; 
[19]. Another important compound isolated from 
Commiphora gileadensisis b-caryophyllene. It has a 
cytotoxic activity against tumour cell lines. It acts in 
a selective manner against tumour cell lines and not 
against normal cells [20].

Conclusion

In conclusion, the present study demonstrates the 
moderate anticancer properties of the methanolic 
extract of Commiphora gileadensisbark against HELA 
and A-549 cell lines.Further studies on the elucidation 
of its mechanism of action and on the isolation of 
its active constituents and also the elucidation of the 
cytotoxic activity of other types of bark extractmay 
prove rewarding in cancer treatment.
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Abstract

Fermented camel milk was made from heat treated camel milk using two types of lactic starters 
to improve overall quality. The milk was allowed to ferment at 20 and 30°C for24hours (24h). 

Biochemical and microbial changes during fermentation were studied as well as the sensory 
evaluation of final products. The fermentation rate was slow in camel milk compared to that 
shown with cow milk while the non-protein nitrogen increase was faster. Natural benzoic acid was 
found at a higher concentration in Lben (traditional Moroccan fermented cow milk) than in Lfrik 
(traditional Moroccan fermented camel milk). Sensory tests indicated that Lfrik obtained after 
12-hour fermentation at 20°C using the “FLORA DANICA” starter was the most appreciated by 
people used to consuming traditional Lfrik.

Keywords: Lfrik, Cow milk, Fermentation, Flora Danica, Milk.
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1. Introduction

Fermentation is a process that allows the extension of 
milk’s shelf life, improving its taste and enhancing its 
digestibility (Shiby and Mishra, 2013)[1]. Milk and 
milk products are subject to great bacterial activity 
which results in bacterial antibiotics being released 
from the cells of fermenting microbes (Kosikowski, 
1970)[2]. 

The milk is allowed to ferment naturally at ambient 
temperature and without prior heat treatment until 
it turns sour. Due to the spontaneous nature of the 
fermentation, this traditional method results in a product 
with varying taste and different flavours (Farah et al., 
1989)[3].

Milks fermentations carried out traditionally, i.e. through 
the spontaneous growth and action of micro-organisms, 
are today carefully controlled microbial processes for 
which selected cultures have been developed (Shiby 

[1] Shiby, V.K., Mishra, H.N. (2013). Fermented milks and milk products as 
functional foods—A review. Critical reviews in food science and nutrition, 
53(5), 482-496.

[2] Kosikowski, F. (1970). Cheese and fermented milk foods. No. 637.22 
KOSc. 429.

[3] Farah, Z., Streiff, T.,Bachmann, M.R.(1990). Preparation and consumer 
acceptability tests of fermented camel milk inKenya, Journal of Dairy 
Research, 57, 281-283.
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and Mishra, 2013)[1]. These starter cultures have 
been formulated by using micro-organisms that impart 
the special desired characteristics to the fermented 
product. Starter cultures must be able to multiply in a 
few hours in order to produce enough lactic acid and 
aroma compounds for the complete conversion of milk 
into fermented dairy products. This depends not only 
on nutritional factors but also on other environmental 
parameters such as temperature (Breheny et al., 1975[4]; 
Lawrence and Tomas, 1979[5], Marshall et al., 1982[6]; 
Ross 1980[7]) and associative growth (Driessen et al., 
1982[8]). 

Few studies were previously published on controlled 
fermentation of camel milk (Attia, 2001[9]; Farah et al., 
1990[3]) and no data were found in Morocco.

Raw camel milk collected in the south of Morocco was 
found to be contaminated with high levels of the coli form 
bacteria as reported by Ismaili et al. (2016)[10], thus 
presenting a potential health risk for consumers. The 
purpose of this work is to make a processed fermented 
camel milk sensorially similar to the traditional Lfrik 
produced in the south of Morocco but with an improved 
hygienic quality using heat treated camel milk instead 

of raw milk and industrial mesophilic lactic starters. 
The study also aimed to trace some biochemical and
microbiological properties and compare them with fer-
mented cow milk produced under the same conditions.

2. Material and methods

2.1. Milk and Lfrik samples

Eight samples of raw camel milk, raw cow milk and 
traditional fermented camel milk “Lfrik” (prepared 
from raw camel milk and kept for about 12 hours in 
a goat skin bag) were obtained froma traditional dairy 
shop in Laayoune city and a private farm situated in 
Ain Aouda close to Rabat. The milk samples were kept 
refrigerated and transported to the IAV laboratories in 
Rabat and the ONSSA laboratories in Laayoune within 
1 hour. Upon arrival, the raw milk samples and Lfrik 
were analysed for their pH, acidity and total flora. The 
raw milks were pasteurized at 90°C for 15min and then 
left to cool down to 40°C.

2.2. Fermentation

Camel milk fermentation was carried out by the 
addition of two freeze-dried lactic cultures; FLORA 
DANICA and CHN-11 (mesophilic aromatic cultures) 
to heated milk as per the instructions suggested by 
the producers (CHR Hansen’s Laboratory, Denmark). 
These cultures are both constituted by a mixture of 
Leuconostoc, Lactococcus, Lactisbiovardiacetylactis 
and Lactococcuslactissubsp. cremoris. The inoculated 
milks were maintained for 24 hour sat 20°C and 30°C. 

During the fermentation process, pH and titratable acidity 
were determined every 3 hours and total aerobic meso-
philic flora (FMAT) every 6 hours. Samples inoculated 
with FLORA DANICA were selected and used to carry 
out the evolution of glucose, lactose, benzoic acid and 
Non-protein nitrogen (NPN) contents every 3 hours.

Cow milk was fermented with FLORA DANICA and 
used for comparison.

2.3. Biochemical and microbial Analyses

The milk samples’ pH was measured using a digital 
pH meter (CyberScan pH 1500, Eutech Instruments) 
and their titratable acidity was determined based on 

[4] Breheny, S., Kanasaki, M., Hillier, A.J., Jago, G.R. (1975). Effect of 
temperature on the growth and acid production of lactic acid bacteria. 
Australian J. of Dairy Tech., 30(4), 145.

[5] Lawrence, R.C., Thomas, T.D. (1979). The fermentation of milk by 
lactic acid bacteria. p187 in Microbial Technology, Society for General 
Microbiology Symposium 29. A.T. Bull, D.C. Ellwood, and C. Ratledge, 
ed. Soc. Gen.Microbiol. Ltd., Great Britain.

[6] Marshall, V.M.E., Law B.A.(1985). The physiology and growth of 
dairy Lactic acid bacteria. Microbiology of food fermentation. Elsiever 
Applied Sciences Publishers, London and New York. 67-98.

[7] Ross, G.D. (1980). Observations on the effect of inoculum pH on the 
growth and acid production of lactic streptococci in milk. Australian 
Journal of Dairy Technology, 35(4), 147-149

[8] Driessen, F.M., Kingma, F. Stadhouders, J. (1982). Evidence that 
Lactobacillus bulgaricus in yogurt is stimulated by carbon dioxide 
produced by Streptococcus thermophilus. Netherlands Milk and Dairy 
Journal,36, 135-144.

[9] Attia. H., Kherouatou, N., Dhouib, A. (2001). Dromedary milk lactic acid 
fermentation: microbiological and rheological characteristics. Journal of 
Industrial Microbiology & Biotechnology,26, 263-270. 

[10] Ismaili, A.M., Saidi, B., Zahar, M., Hamama, A., R. Ezzaier. (2016). 
Composition and Microbial Quality of Raw Camel Milk Produced in 
Morocco. Journal of the Saudi Society of Agricultural Sciences.
http://dx.doi.org/10.1016/j.jssas.2016.12.001.
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the method of the “Association of Official Agricultural 
Chemists”.

Total aerobic mesophilic flora (FMAT) counts were 
determined using PCA medium (Plate Count Agar, 
Difco Laboratories, Detroit, Michigan, USA) incubated 
at 30°C/ 3 days.

Non-protein Nitrogen was determined according to the 
AOAC Official Method 991.21 (Kjeldahl Method).

Benzoic and sorbic acid contents were extracted 
according to the FIL/IDF method (1987).20 μl of 
extracts and standard solution were injected in a high-
performance liquid chromatography HPLC equipped 
with an injector, UV detector (227nm for benzoic acid 
and 254nm for sorbic acid), a recorder and a column 
C18 (IBM Instrument)). The flow rate was about 0,8ml/
min. The approximate retention times for benzoic and 
sorbic acid are respectively 6.5 and 8.2 min.

Separation and determination of sugars was also carried 
out by HPLC. Retention times were about 8.9, 10.5, 
15.5, 19 and 22 min for fructose, glucose, sucrose, maltose 
and lactose, respectively. Separation was performed 
at 35°C using water–acetonitrile (20/80, v/v) as the 
mobile phase at a flow rate of 1 mL/min.

2.4. Sensory tests

The first test was conducted in Laayoune city where 
samples fermented by the lactic cultures and traditional 
fermented camel milk were evaluated by a panel of 63 
consumers (familiar with traditional fermented camel 
milk “Lfrik”). 

The second was in Rabat with a 52-consumer panel 
(not used to the taste of camel milk).

Sensory evaluation took into consideration the attributes 
of acidity, bitterness, viscosity and sensation of fat using 
a 5-point hedonic rating scale and a 9-point hedonic 
rating scale (9 = excellent; 7 = good; 5 = acceptable; 
3 = poor; 1 = extremely poor)for overall acceptability. 
Samples were served using white plastic cups labelled 
with three-digit codes from a random number table. 
Panellists received a tray containing samples, a glass 
of water to rinse their mouths between samples and an 
evaluation form.

2.5. Statistical analyses

Statistical analysis was performed with the Minitab 
program using analysis of variance (ANOVA) and means 
were separated by Tukey’s tests with a probability of 
P≤0.05. 

Sensory characterization of products and discriminated 
attributes identification were performed with Excel 
using the XLSTAT statistical software.  

3. Results and discussion

3.1. Physicochemical composition of raw milks and 
traditional Lfrik

Raw camel and cow milk used in this study had similar 
physicochemical composition (Table 1). Mean pH 
values (6.998 and 6.902 for raw cow and camel milks, 
respectively) and acidity (0.17%) showed that samples 
were probably collected and transported in relatively 
good hygienic conditions. Lactose in Lfrik was clearly 
lower than in raw milks because of its use during the 
spontaneous fermentation process and the total aerobic 
mesophilic flora count of Lfrik (2.67E+08 UFC.ml-1)
was higher than that of raw cow and camel milks 
(5.40E+06 and 4.50E+05 UFC.ml-1, respectively).

3.2. Fermentation ability and acidification tests

Total aerobicmesophilic flora decrease from 5.40E+06 
to 3.00E+01 and from 4.50E+05 to 1.00E+01UFC.
ml-1 after pasteurization at 90°C/15min of raw cow and 
camel milks, respectively.

The pH of cow milk inoculated and incubated decreased 
clearly faster than the inoculated camel’s milk (Figure 1). 
Its acidity reached values of 0.81 and 0.86% at 20°C 

TABLE 1. Average values of physicochemical composition 
and FMAT count of raw milks and Lfrik

Raw cow milk

Raw camel milk

Lfrik

6.998

6.902

4.703

pH

2.12

2.31

2.16

Proteins
(%) 

3.81

3.50

2,05

Lactose
(%)

0.17

0.17

0.39

Acidity 
%

5.40E+06

4.50E+05

2.67E+08

FMAT 
(UFC.ml-1)
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and 30°C, respectively, after 12 hours of fermentation, 
while that of camel milk, inoculated either by FLORA 
DANICA or CHN11,did not exceed 0.42% at 20°C, and 
0.51% at 30°C (Figure 2). Throughout the fermentation 
period (Figure 3), inoculated cow milk reached higher 
values of FMAT (1.00 E+08UFC.ml-1) than fermented 

camel milk (1.00 E+07 UFC.ml-1) 12 hours after 
incubation.

Camel milk fermented by FLORA DANICA displayed 
lower pH and higher acidity values compared to that 
fermented by CHN11, and the rate of acidification in 

Figure 1: pH values during fermentation of cow milk and camel milk inoculated with FLORA DANICA and CHN11 at 20OC and 30°C for 
21 hours.

Figure 2: Acidity values (%) during fermentation of cow milk and camel milk inoculated with FLORA DANICA and CHN11 at 20°C and 
30°C for 21 hours.

Figure 3: FMAT values (Log UFC.ml-1) during fermentation of cow milk and camel milk 
inoculated with FLORA DANICA and CHN11 at 20°C and 30°C for 21 hours.
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camel milk was lower than that in cow milk. These results 
are similar to those found by Attia et al. (2001)[9] who 
showed that camel milk fermentation exhibited a slow 
acidification rate compared with cow milk fermentation 
when acidification was carried out by a mixed culture of 
Lactococcus Lactis Ssp Lactis, Lactococcus Lactis Biovar 
Diacetylactis and Lactococcus Lactis Subsp.cremoris 
sat 20°C. This could be explained by the presence of 
inhibitor agents in camel milk. In fact, camel milk is 
known to contain natural protective proteins, lysosyme, 
lactoferrin, lactoperoxydase and immunoglobulin (Attia 
et al., 2001[9]; Barbour et al., 1984[11]; El-Agami et al., 
1992[12]; Yagil, 1982[13]).

To obtain a product close to traditional 
fermented camel milk Lfrik in term of physical 
chemical properties (Table 1), a 12-hour period 
is sufficient to ensure fermentation with FLORA 
DANICA at ambient tempe-ratures (close to 
20°C).

In the following analyses (except the sensory 
tests), the fermentation was carried out only 
with FLORA DANICA at both 20 and 30°C.

3.3. Non Protein Nitrogen (NPN)

The increase of NPN in fermented camel 
milk at 30°C/12h (from 0.98 g.kg-1 to 1.74 g.kg-1) 
was faster than that at 20°C (from 0.98 g.kg-1 to 1.94 
g.kg-1) and both were faster than fermented cow milk 
(Figure 4a). Attia et al., (2001) 9 showed a wider 
variation in increase curves; from 2.7 to 3.5 g.kg-1 for 
fermented camel milk after 21-hour fermentation and 
from 1.8 to about 2.5 g.kg-1 for fermented cow milk. 
Throughout fermentation, NPN increase in fermented 
milks is due to the increase of free amino acids (Saidi 

and Warthesen, 1993)[14], which ensure a better 
digestibility. Milks were fermented with Mesophilic 
lactococci when proteinases have been found and which 
are capable of hydrolysing milk proteins (Huggenholts 
et al., 1984[15]. Compared to fermented cow milk, the 
observed consistency of fermented camel milk is thin. 
After fermentation, a precipitate in the form of flocks 
rather than a coagulum was observed. Camel milk was 
characterized by relatively high initial soluble casein 
content and by a relatively high B casein content 
(Kappeler et al., 1998)[16]. This would explain the 
high increase of NPN in fermented camel milk. 

3.4. Benzoic and Sorbicacids

In both milks, curves of benzoic acid had the same 
behaviour till hour 9 of fermentation. At 12 hours, 
curves were separated, to reach a value of 11.46 ppm 
for fermented cow milk and 14.73 and 14.89 ppm for 
fermented camel milk at 30 and 20°C, respectively 
(Figure 4b).

The occurrence of natural benzoic acid as a metabolite 
in dairy products was in a range of 5-20 ppm and an 
average of 11.16 ppm in fermented cow milks; 4.5-

[11] Barbour, E., Nabbut, N., Frerichs, W., Al-Nakhli, H. (1984). Inhibition 
of pathogenic bacteria by camel’s milk: relation to whey lysosyme and 
stage of lactation. J. Food Prot. 47 (11), 838- 840

[12] El-Agamy, E., Ruppanner, R., Ismail, A., Champagne, C.P., Assaf, R. 
Antibacterial and antiviral activity of camel milk protective proteins. J 
Dairy Res, 59 (2), 169-175 (1992).

[13] Yagil R. (1982). Camels and camel milk. FAO Animal Production and 
Health paper. FAO, Rome, p. 26.

[14] Saidi, B., Warthesen, J.J. (1993). Heat and fermentation effects on 
total non-proteinnitrogen and urea in milk. Journal of Food Science, 
58(3),548-551.

[15] Huggenholts, J., Exterkate, F.A., Konings, W.N. (1984). The proteolytic 
system of Streptococcus cremoris: an immunological analysis. Appl 
Env Microbiol, 48:1105- 1110.

[16] Kappeler, S, Farah, Z., Puhan, Z. (1998). Sequence analysis of Camelus 
Dromedarius Milk Caseins. J. Dairy Res, 65, 209-222. 

Figure 4: NPN (g.kg-1)values (a) and benzoic acid (ppm) values (b) during 
fermentation of cow milk and camel milk inoculated with FLORA DANICA at 

20°C and 30°C for 21 hours.
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6 ppm in pasteurized skim cow milk. Saidi and Faid 
(2001)[17] reported also values in a range of 2-3 ppm 
in raw cow milk and 5-18 in fermented cow milk. The 
natural occurrence of benzoic acid in fermented milks 
showed that during the fermentation process, hippuric 
acid transformed in benzoic acid. The initial content 
of hippuric acid can be a determining factor in these 
variations. It can be also liberated by the Angiotensin 
I-converting enzyme, a dipeptidyl carboxypeptidase 
produced by acid lactic bacteria during fermentation. 
This inhibitory enzyme was observed in fermented camel 
milk by Shuangquan et al. (2008)[18]. Sorbic acid was 
absent in all samples throughout fermentation. It does 
not occur naturally in milk (Stijive and Hischenhuber, 
1984)[19].

3.5. Carbohydrates 

For Carbohydrates (Figure 5a, b and c); sucrose and 
fructose had not been found in all samples during 
fermentation, maltose had not been found in raw milks 
but found in fermented ones with high values and not 

defined fluctuations, irregular ascents and descents. 
While lactose curves showed a decrease in values 
from 3.8 to 0.8 % and from 3.5 to 1.3 and 1.2 % for 
fermented cow milk and fermented camel milk at 20°C 
and at 30°C, respectively. 

Glucose increased with the decrease of lactose in the 
first 9 hours following inoculation and reached its 
maximum value: from 0.15 to 1.26% and from 0.14 
to 0.89% for cow and camel milks fermented and 
incubated at 30°C, respectively. Then it decreases to 
0.06 and 0.1%. In fermented camel milk incubated 
at 20°C, glucose increases from 0.14 to 1.4% in 
12 hours and then decreases to 0.15% at hour 21 of 
fermentation. This could be explained by the fact that 
during fermentation, lactose hydrolyses to glucose and 
galactose. In the beginning of fermentation, lactose 
was the only available carbohydrate providing energy 
to lactic acid bacteria that possess the enzyme lactate 
dehydrogenase for the synthesis of lactic acid. The 
decrease of lactose content in milk during fermentation 
allowed the lactic acid bacteria to find another source of 
energy and utilizeother sugars (Accolas et al., 1980[20]; 

O’Learyand Woychik[21]; 1976; 
Wouters et al., 2002)[22]. 

3.6. Results of sensory evaluations:

Table 2 contains some physico-
chemical and microbiological 
characteristics of the prepared fer-
mented products and the traditional 
fermented camel milk used in the 
first panel (a) and in the second 
panel (b).

[17] Saidi, B., Faid, M. (2011). Effect of hippurate addition on benzoate 
production during lben fermentation. Revue Marocaine des Sciences 
Agronomiques et Vétérinaires, 21(3), 151-156.

[18] Shuangquan, H.T., Taku M. (2008). Angiotensin I-converting enzyme 
inhibitory peptides in skim milk fermented with Lactobacillus helve-
ticus 130B4from camel milk in Inner Mongolia, China. Journal of the 
Science of Food and Agriculture, 88:2688–2692.

[19] Stijve,T.,Hischenhuber, C. (1984). High performance liquid chroma-
tographic determination of low levels of benzoic acid and sorbic acid 
in yoghurts. Deutsche Lebensmittel-Rundschau.

[20] Accolas, J. P., Hemme, D., Desmazeaud, M. J., Vassal, L., Bouillanne, 
C., Veaux, M. (1980).Les levains lactiques thermophiles: Propriétés et 
comportement en technologie laitière. Revue: Le Lait, INRA Editions, 
60 (598), 487-524.

[21] O’Leary, V.S., Woychik, J.H. (1976). Utilization of lactose, glucose, 
and galactose by a mixed culture of Streptococcus thermophilus and 
Lactobacillus bulgaricus in milk treated with lactase enzyme. Applied 
and environmental microbiology, 32(1), 89-94.

[22] Wouters, J.T., Ayad, E.H., Hugenholtz, J., Smit, G. (2002). Microbes 
from raw milk for fermented dairy products. International Dairy Journal, 
12(2), 91-109.

Figure 5: Lactose, glucose and maltose values (%) during fermentation of cow milk (a) and 
camel milk inoculated with FLORA DANICA at 20°C (b) and 30°C (c) for 21 hours.
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TABLE 2. Characteristics of products used in sensory tests: 
(a) for the test conducted in Laayoune and (b) in Rabat

*C.M.FLORA: camel milk inoculated with Flora Danica; 
C.M.CHN11: camel milk inoculated with CHN11; Cow. M.: cow 
milk inoculated with Flora Danica; Lfrik: traditional fermented 
camel milk.

3.6.1. Results of the test conducted in Laayoune City 
(1st panel):

This panel was composed mainly of regular consumers 
of Lfrik (traditional fermented camel milk). Overall 
acceptability means (Table 3) revealed that the panellists 
preferred mostly their traditional fermented camel milk 
(7.6) followed by camel milk fermented with FLORA 
DANICA (7.54). Analysis of the variance showed a signi-
ficant difference in overall acceptability (P=0.012<a (0.05%) 
and viscosity (P=0.011<a (0.05%)) and no differences 
in other attributes. Tukey test allowed us to compare the 
averages and determine which ones were closer (Table 3). 

3.6.2. Results of the test conducted in Rabat City 
(2nd panel):

The main purpose of this analysis was to ascertain the 
acceptability degree of this new product by people not 
familiar with camel milk products. Scores revealed that 
the product most appreciated by this panel after fermented 
cow milk is camel milk fermented with FLORA DANICA 
which is characterized by its medium acidity (Table 4). 

Lfrik

C.M. FLORA

C.M.CHN 11

Cow. M.

Samples*

111

290

732

915

Code

2,13E+08

3,10E+06

1,28E+06

3,14E+06

FMAT (UFC.g-1)

45

43

42

82

Acidity °D

5.2

5.1

5.1

4.1

pH

(a)

C.M.CHN 11

Cow. M.

C.M. FLORA

Samples*

82

28

15

Code

3,15 E+05

1,67 E+08

2,18 E+06

FMAT (UFC.g-1)

40

80

42

Acidity °D

5,6

4,1

5,8

pH

(b)

TABLE 3. Mean values of overall acceptability and products attributes and Tukey test results of panel 
1(n=63)

Lfrik

C.M. FLORA

C.M.CHN 11

Cow. M.

Samples

111

290

732

915

Code

2 B

2.206 A  B

2.413 A

2.048 B

1.81

2.048

1.889

1.905

Viscosity** Bitterness**

2.286

2.19

2.302

2.095

Sensation of 
fat**

7.60 A

7.54 A  B

7.22 A  B

7.08 B

overall
acceptability

3.19

3.333

3.206

3.19

Acidity**

*9 point hedonic rating scale; **5 point hedonic rating scale
A,B,AB results of Tukeytest comparison

TABLE 4. Mean values of overall acceptability and product attributes and Tukey test results of panel 2 
(n=52)

C.M.CHN 11

Cow.M.

C.M. FLORA

Samples

182

328

415

Code

2.87

3.08

3.13

2.17

2.23

2.47

Viscosity** Bitterness**

2.42

2.50

2.60

Sensation of 
fat**

5.06  

5.58

5.25

overall
acceptability

2.3 B

2.6 A  B

2.8 A

Acidity**

*9 point hedonic rating scale;**5 point hedonic rating scale
A,B,AB results of Tukey test comparison
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Analysis of variance showed a significant difference 
in acidity only. All other attributes and overall accep-
tability were closer. Panellists not familiar with camel 
milk products gave lower scores (5.06-5.58) than regular 
panellists (7.09-7.6).

Conclusions

The lower acidification of camel milk can be explained 
by its antimicrobial activity or the presence of some 
inhibitors. 

The high proteolytic activity (NPN) could induce an 
inhibiting effect on camel milk acidification. 

LAB is capable of producing antimicrobial compounds 
such as benzoic acids which can delay the formation of 
lactic acid in camel milk.

Fermented camel milk prepared with a commercial 
starter culture was accepted and presents no health 
risks for consumers.

The method described in this study for fermented 
milk production can be introduced into large-scale 
manufacturing.
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Abstract

Regenerative medicine and biotherapy have become the most effective way in treating many 
congenital and acquired diseases. The transplantation of stem cells derived from somatic cells 

and induced to pluripotency is now commonly used in many areas of medicine. Our approach is 
based on transforming mouse fibroblasts into pluripotent stem cells «IPS» by reprogramming the 
gene via a non-integrative viral vector and differentiating this IPS in male germ cells «PGC”. The 
transplantation of these germinal precursors in male mice testes rendered sterile beforehand by 
an antimitotic, allows their final differentiation in ejaculated sperm capable of performing natural 
or artificial fertilization. Our work strategy consists of three phases: the proliferative phase and 
cryopreservation fibroblasts «biobanking» gene reprogramming phase, the cell characterization 
phase and the transplantation. It involves two signaling pathways: dependent SMAD pathway 
BMP and the JAK/STAT3 dependent b-FGF (LIF in mice) that blocks differentiation and promotes 
pluripotency. The Activin-A / FGF2 way allows IPS differentiation initially in epiblast-like cells 
and the BMP/LIF pathway leads to the primordial germ cell-like cells. The results obtained may 
help infertile men overcome their infertility and have children of their own, putting an end to cases 
whereinability to procreate leads to divorce and suicide. Studies in the same direction may affect 
women who have lost their ovarian reserve as a result of early menopause or with cytotoxicity.

Keywords: Procreation, Azoospermia, Cell therapy, Regeneration, Cell reprogramming, Pluripotent 
stem cells, Transplantation.
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1. Introduction

Reproduction and regeneration are two properties that 
made possible the survival of living creatures, allowing 
the renewal of individuals and their cells and tissue. 
These two properties have been in constant degradation 

throughout the evolution of species. Being fertile is a 
symbol of species survival and sexual identity and of 
the social integration of the couple. To not have children 
is an unacceptable anomaly that exposes the couple to 
emotional strain (depression and suicide), to divorce or 
social isolation. Infertility is the inability of a couple 
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to procreate after one year of regular unprotected 
intercourse. It can affect the woman or the man in the 
couple but in many cases both of them. Infertility can 
have an unknown etiology in 10% of cases. Sterility is 
an irreversible form of infertility and is undisputable 
in the total absence of gonad cells or germ line. This 
painful condition is being alleviated by the progress of 
medical assistance to human reproduction. In France, 
the proportion of infertile couples is estimated at 
17%, and for males at 20%. Azoospermia affects less 
than 1% of men in the general population (Willott et 
al., 1982)[1], or 5-15% of infertile men (Van et al., 
2001[2], American Society for Reproductive Medicine, 
2008)[3], while the non-obstructive type affects 60% 
(Thonneau et al., 1991)[4].

Azoospermiais a medical condition defined by the 
absence of sperm in the semen. In humans, azoospermia 
affects about 1% of the male population (Van et al., 
2001[2], American Society for Reproductive Medicine, 
2008[3], Schlegel et al., 1999[5]), and may be seen in up 
to 20% of male infertility situations. Azoospermiawas 
considered an incurable form of sterility untilthe 
development of the technology of intracytoplasmic 
sperm injection (ICSI), an in vitro fertilization (IVF) 
procedure in which a single sperm is injected directly 
into an egg (Van et al., 2001[2], American Society 
for Reproductive Medicine, 20083, Schlegel et al., 
1999[5]). 

Unfortunately, this is not always the case as the testicular 
biopsy can be negative (Schlegel et al., 1999[5]) (non-

obstructive azoospermia) with a total absence of sperm, 
an early division blockage and even a total absence of 
germ line or Sertoli cell syndrome only (SCO). In this 
case, the ART is unable to help the couple and direct 
them to sperm donors or adoption. Both alternatives are 
difficult to accept as the man does not consider children 
born out of this process as his own. With advances 
in regenerative medicine, biotherapy has become 
the most effective way to treat many congenital and 
acquired diseases. Transplantation of pluripotent stem 
cells (cells capable of differentiating into all cell types 
constituting the body, except the placental cells) allows 
the regeneration of the missing cell heritage or damaged 
tissue (Greenwood et al., 2006[6]). The transplantation 
of spermatogonies was tested successfully in mice 
(Cooke et al., 2000[7]). In humans, the transplantation 
of fresh or frozen germ cells has demonstrated its 
effectiveness. 

Recent work by the laboratory of A. Brinster – 
Philadelphia-showed that germ cells from a donor 
testicle may be implanted in a recipient with a sterile 
male testis (Donnez et al., 2011[8]). The restoration 
is possible but it is allogeneic and should always be 
maintained with immunosuppressant. Differentiated 
mouse embryonic stem cells in primordial germ cells 
(PGC) transplanted into the testis of a sterile male could 
restore its spermatogenesis (Toyooka et al., 2003[9]). 
Embryonic stem cells are easy to grow in vitro, but 
obtaining them requires the destruction of the embryo, 
which poses an ethical problem, hence the prohibition 
of their use currently. 

These cells are derived from the reprogramming of 
adult cells by reactivation of the same pluripotency 
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[10] Evans, M.J. & Kaufman, M.H. (1981). Establishment in culture of 
pluripotential cells from mouse embryos. Nature 292, 154–156.

[11] Greber, B., Wu, G., Bernemann, C., Joo, J.Y., Han, D.W., Ko, K., 
Tapia, N., Sabour, D., Sterneckert, J., Tesar, P. &Schöler, R.H. (2010). 
Conserved and divergent roles of FGF signaling in mouse epiblast stem 
cells and human embryonic stem cells. Cell Stem Cell 6, 215–226.

gene expressed in embryonic stem cells or their 
transcription. This reactivation can be obtained either 
by viral or plasmid transfixion or by protein of interest 
(Evans et al., 1981[10]). IPS has the advantage of being 
easily accessible by a simple biopsy in adults and their 
use is ethical since you can source and use them in the 
same individual. As such, they constitute an alternative 
to embryonic stem cells «ES» and an unlimited source 
for scientific research. 

Is it possible to we use IPS cells to restore testicular 
function?

Developed protocols to induce and control the diffe-
rentiation of (IPS) in vitro germinal precursors are inef-
ficient and are essentially based on the use of specific 
molecules or growth factors. It was therefore thought 
necessary to develop original methods that guide better 
the differentiation of IPS in male primordial germ cells. 

The experimental strategy we adopted is based firstly on
the isolation, proliferation and freezing of adult fibroblasts 
collected from male mice tails for reprogramming in 
IPS and embryonic fibroblasts (13 to 14 embryos j) that 
will serve as a feeder for IPS.

The second basis is the reprogramming of adult mouse 
cells into IPS by genetically modifying them to reactivate 
the immaturity signals and proliferation characteristics 
of a pluripotent cell. This goes through the transduction 
of four genes over-expressed pluripotency in embryonic 
stem cells via a non-integrative viral vector (Sendai 
virus) that enters the cell and eventually gets lost during 
divisions, avoiding the risk of insertional mutagenesis. 
Reprogramming involves two signaling pathways: 
the SMAD pathway dependent of BMP and the JAK/
STAT3 pathway dependent of b-FGF (LIF in mice) by 
blocking and promoting differentiation (Greber et al., 
2010[11]).

Figure 1. Assisted fertilization by microinjection
(A) Inverted microscope, (B) Preparation needles, (C) Preparation of the box microinjection,

(D) Microinjection of the oocyte by a sperm selected
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The Activin-A/FGF2 pathway allows the differentiation 
of IPS, initially in epiblast-like cells while the BMP/
LIF pathway leads to the primordial germ cell-like 
cells (Lawson et al., 1999[12]). This differentiation 
in the male germline (PGC) is mandatory prior to 
the autologoustransplantation in male mice testes 
already sterilized with busulfan. After four months 
of the transplant, we will test the restoration of 
spermatogenesis and the fertilizing sperm obtained. 

2. Materials and methods:

Mouse Embryonic Fibroblast-Medium (MEF/ M)

• DMEM/F12 –glutamax(90 ml), FBS (10 ml), 
Penicillin-Streptomycin 100x (1ml), MEM-NEAA 
100x (1 ml).All components were mixed and the 
medium was filtered at 0.2 µm and stored at +4°C, 
for up to 2 weeks.

Fibroblast-Medium (F/M)

• DMEM/F12 – glutamax (80 ml), FBS (20 ml), 
Penicillin-Streptomycin 100x (1ml), MEM-NEAA 

[12] Lawson, K.A., Dunn, N.R., Roelen, B.A., Zeinstra, L.M., Davis, A.M., 
Wright, C.V., Korving, J.P., and Hogan, B.L. (1999). Bmp4 is required 
for the generation of primordial germ cells in the mouse embryo. 
Genes Dev. 13, 424-436.

100x (1 ml).All components were mixed and the 
medium was filtered at 0.2 µm and stored at +4°C, 
up to 2 weeks.

Freezing medium 

• 2x cold freezing medium (80%FBS & 20% DMSO). 
This medium must be diluted volume by volume with 
the culture medium containing the cell suspension.

Tissue isolation, dissociation and cell preparation

• Samples are taken in non-hygienic areas and then 
transported to the laboratory between at a temperature 
2 and 8°C.

Younger mice fibroblast for reprogramming

• Skin samples are taken from the tails of four young 
male mice after disinfection with Betadine /alcohol 
70% and washed with sterile water. Each male is 
identified (A, B, C or D) and samples are placed in 
cold DMEM.
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• Each sample is then suspended in alcohol 70% and 
washed with PBS before being placed in a sterile 
Petri box. Using a sterile scalpel, the biopsy is 
cut into small sections of about one millimeter in 
diameter. The small pieces are transferred to a tube 
containing a 15 ml enzyme solution of collagenase at 
a report of .1 4/6 in DMEM. The tube is placed in an 
oven at 37°C for 4 hours, then centrifuged at 1000 r/
min for 10 minutes. The pellet is transferred to a tube 
containing 0.25% trypsin-EDTA (30 min at 37°C) to 
cell separation. The tube is then centrifuged at 1000 
r / min for 10 minutes and the pellet is spread over 
the four wells of the NUNC box containing 500 ml 
of culture medium for fibroblast (F/M). All the boxes 
are then labeled (A-P0, P0-B, C-P0, D-P0).

Mouse embryonic fibroblast for feeder preparing 

• Pregnant mice at 13 to 14 days post-coitum are 
sacrificed by cervical dislocation. Theuterus is 
dissected, rinsed in 50 ml of ethanol 70%, then placed 
in a conical tube 
without Ca² 
containing PBS+ and 
Mg²+. The uterus 
is held in ethanol 
70%followed by PBS 
wash, then placed 
in a sterile Petri 
dish. The embryos 
are separated from 
their red bodies and 
placenta and washed 
in PBS. The embryos 
are then chopped 
finely with a sterile 
scalpel in a second 

petri dish. The ground material is mixed with trypsin 
in a 50 ml conical tube and heated 20 min at 37°C. 
Suction and refoulement movements are carried out 
every 5 minutes to facilitate the dissociation of cells. 
Trypsin was inhibited by the addition of a culture 
medium (2 to 3 x initial volume). The pellet is spread 
on a 75-cm² flask at a rate of two embryos per ml.7 
MEF/M is added to each flask. The flask is dated and 
labeled MEF-P0.

Maintenance and passaging of cells

The medium was changed after 3 days and then 3 times 
per week to achieve an 80% confluency. The cells were 
trypsinized tobe reseeded again in other media.

MEF-Feeder

The flasks were rinsed two times with PBS w/o Ca²+ 
&Mg²+, PBS was aspirated and trypsin at 25% was 
added (1 ml), after 5 min at 37°C, 5 ml of MEF/M is 
added to each flask to inhibit the enzyme. 

After pipetting up and down using a sterile pipette, 
the cells were transferred to 14 ml conical tubes 
and centrifuged at 1000 r/min for 5 minutes. The 
supernatants were aspirated and the pellets were each 
mixed with 10 ml of MEF/M. A cell count was done 
and the suspension was moved to new flasks at 5000 
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cells / cm². The flasks were dated, identified MEF-P1 
and incubated at 37°C under CO2.

Fibroblast for reprogramming

Each well in the Nunc dish was washed 2X with PBS 
w/o Ca²+ &Mg²+ and 0.25% trypsin was added to each 
well (300 .mu. l / well). After 5 min at 37°C, the cells 
were detached. The four wells were emptied into a 75 
cm² flask. Trypsin was inactivated by the addition of 7 
ml of M/F culture medium in the flask. 

Sub culturing cells at Passage 4

The flasks were identified as follows: P1-X (X = A, B, 
C or D).Cultures were continued by regularly changing 
the settings and ensuring non-contamination between 
samples or in the flasks. Once the confluencyreached70 
to 80%,the flasks were trypsinized and distributed to 
other flasks. 

Freezing cells

Cells (embryonic fibroblasts or adult fibroblasts) are 
washed 2x in PBS w/o Ca²+ &Mg²+, trypsinized, 
counted (1x107 cells / ml), then added volume to 
volume to the freezing medium and cryopreserved in 
cryotubes containing 1 ml of cell suspension (or 5x106 
cells / vial). The final concentration of DMSO is 10%, 
the cryotubes are placed 2 hours at - 20°C, 24 hours 
at - 80°C and then immersed immediately in liquid 
nitrogen (-196 °C).

Thawing cells and viability testing

To test the viability of cells after thawing, the tube of 
each culture (fibroblasts MEF or adults) were removed 
from liquid nitrogen and rapidly thawed in a water 
bath (37°C). The tube then sterilized by spraying 
ethanol 70%, transferred to a conical tube with 10 ml 
of MEF/M or F/M, and centrifuged at 1000 r / min. The 
supernatant was aspirated and the pellet was placed in 
10 ml of fresh medium. After counting, the cells were 
plated into flasks at a density of 104 cells/cm² and 

incubated at 37°C 
under CO2 for 48 
hours. Survival 
was determined 
by adhesion to 
the support and 
the time of cell 
splitting.

3. Results and discussion

In this work we isolated embryonic fibroblasts that 
grew faster compared to the fibroblasts isolated from 
the tails of young mice. Mechanical and enzymatic 
dissociation permitted the easy release and adhesion 
of fibroblasts. The number of cells growing the first 
time was proportional to the sample size and inversely 
proportional to age. In the first three days, we did not 
change the bath to allow free fibroblasts to adhere to 
the plastic support. The first bath changes are done 
in an incomplete manner and with care and delicacy 
so as not to dislodge the fibroblasts. Purification and 
homogenization of the adherent cell layer was improved 
by making different adjustments to the procedure, 
especially adding more PBS washes. Incidentally, 
the cell population was nearly homogeneous. The 
following passages made it possible to increase the cell 
mass and freeze the fibroblast cells. Cellular resistances 
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to cryogenics have been proven by successful test 
survival after thawing. The recovery was not complete, 
a small loss (case) was reported but most of the cells 
supported this stress and continued to multiply in the 
flasks.

The bank will therefore constitute a supply of cells 
available at any time. It will make possible the stopping 
of activity during holidays and facilitate the resumption 
of reprogramming on time and without the use of other 
samples tissues.
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Actions involved in reprogramming

• This phase begins with the arrival of the reprogramming 
kit.

• Embryonic fibroblasts are thawed and undergo a 
late dose of mitomycinto inactivate their genome. 
These fibroblasts will be used in the preparation of 
feeders (feeder cells for stem cells). Adult fibroblasts 
will be thawed and will serve in reprogramming by 
transduction of four pluripotency genes according to 
the following program (Figure 1). This time, the crop 
will be made on 6 well plates to be identified and 
readily isolated IPS colonies.

• Isolated colonies undergo successive passages in a 
suitable serum-free medium and in the presence of an 
antioxidant (2-mercaptoethanol) in order to maintain 
their pluripotency. Other cells will be frozen if 
necessary.

Characterization of IPS

To be comparable to embryonic stem (ES) cells, the IPS 
must have their characteristic profile (see Figure 2). The 
kit «Stem Cell Kit Mouse ES/IPS characterization» by 
immunocyto chemistry is used to determine the surface 
marker as SSEA1 and Oct4 and Sox2 as transcription 
factors and Alkaline Phosphatase (AP).

Directed differentiation

IPS will be placed in a special medium for the 
differentiation, initially in epiblast-like cells according 
to the route Activin-A/FGF2, then in primordial germ 
cell-like cells (PGC) following the BMP/LIF path. The 
PGC must express the c-KIT and DAZL before being 
transplanted.

Transplantation and exploration of restored fertility 

Once differentiated, the PGC will be transplanted 
autologously in the sterile (by antimitotic, busulfan) 
male mice rete testis. Four months after the transplant, 
each male will be placed in a cage with a fertile female 
to test its reproductive power.

Conclusion

Our model is genetically the closest to humans, and 
the success of this study will lead to clinical trials that 
can restore spermatogenesis and give infertile men 
hope of having their own offspring naturally. By the 
same method, one can treat women who have lost their 
ovarian reserve either through early menopause or 
cytotoxic therapy.
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Abstract

Acinetobacter baumannii is an opportunistic bacterial pathogen primarily associated with 
hospital-acquired infections. The emergence and rapid spread of multidrug-resistant A. 

baumannii strains has become a major health threat worldwide, severely limiting treatment options 
for this pathogen. Here, we report the whole-genome shotgun sequences of a multidrug-resistant 
Acinetobacter baumannii strain isolated from a Moroccan hospital ventilator. The genome 
assembly is 3.9 Mb in length with 39%GC content. This isolate encodes sixteen resistance genes, 
including thosefor b-lactams, aminoglycosides, fluoroquinolone-aminoglycosides, macrolide-
lincosamide-streptogramin, sulfonamide, phenicol, and tetracycline resistance.
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Bacterial pathogens resistant to multiple classes 
of antibiotics are increasingly detected in clinical 
settings, with patients with multidrug-resistant (MDR) 
infections having limited treatment options. This 
occurrence can translate into prolonged infections with 
increased morbidity and mortality risks [1, 2]. The 
most clinically significant pathogen is Acinetobacter 

baumannii in view of the rapidity with which it 
develops antimicrobial resistance (including strains 
resistant to all commercially available antibiotics), and 
the ability of some strains to survive for weeks on the 
surfaces of hospital facilities and equipment. 

Coupled with advances in bioinformatic analysis, the 
sequencing of bacterial genomes has significantly 

[1] Dijkshoorn, L., Nemec, A.& Seifert, H. (2007). An increasing threat 
in hospitals: multi drug resistant Acinetobacter baumannii. Nat Rev 
Microbiol, 5(12):939–51.

[2] Fitzpatrick, M.A., Ozer, E., Bolon, M.K. & Hauser, A.R. (2015). 
Influence of ACB complex geno species on clinical outcomes in a U.S. 
hospital with high rates of multidrug resistance. J Infect, 70(2):144–52.
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improved our understanding of the biology of many 
bacterial pathogens as well as the identification of 
novel antibiotic targets [3, 4]. The availability of these 
genome data is rapidly changing our understanding of 
microbial behavior, interactions, virulence, antibiotic 
resistance and genotyping. In this study, we present a 
draft genome sequence of MDR A. baumannii isolated 
from a Moroccan hospital ventilator.

Acinetobacter baumannii AE21M was isolated from a 
ventilator in Mohamed V Military Teaching Hospital 
in Rabat. 

Genomic DNA was extracted using the DNA IQ system 
kit (Promega), and quantified using the NanoVue 
Plus spectrophotometer 
(Biochrom). The library of 
genomic DNA was prepared 
using Nextera XT DNA 
Library Preparation kit 
(Illumina), and sequenced 
using MiSeq sequencer 
(Illumina, CA, USA), gene-
rating a total of 601 496 
reads. 

De Novo assembly was per-
formed using the A5-MiSeq 
pipeline [5]. Annotation was
performed with Rapid Anno-
tation using Subsystem 
Technology (RAST) [6]. 

The resistome of K. Acine-tobacter baumannii AE21M 
was analyzed using ResFinder 2.1[7].

The size of the draft genome of AE21M is 3.9 Mb with 
a G+C content of 39%. It is composed of 3872 genes, 
3 797 protein-coding genes, 75 RNA genes and 456 
subsystems, which represent only 48% of the assigned 
sequences. Most of the annotated genes were involved 
in amino acids and derivatives (441), carbohydrates 
(304), cofactors, vitamins, prosthetic groups and 
pigment formations (263), protein metabolism (243) 
RNA metabolism (180) (Figure 1), necessary for the 
survival of a bacterium.

[3] Ribeiro F.J., Przybylski, D., Yin, S., Sharpe, T., Gnerre, S., Abouelleil, 
A., Berlin, A.M., Montmayeur, A., Shea, T.P., Walker, B.J., Young, 
S.K., Russ, C., Nusbaum, C., MacCallum, I.&Jaffe, D.B. (2012).
Finished bacterial genomes from shotgun sequence data. Genome Res, 
22(11):2270-7.

[4] Alouane T., Uwingabiye, J., Lemnouer, A., Lahlou, L., Laamarti, M., 
Kartti, S., Benhrif,O., El Misbahi, H., Frikh, M., Benlahlou, Y., Bssaibis, 
F., El Abbassi, S., Kabbage, S., Maleb, A., Elouennass, M. &Ibrahimi, 
A. (2017). First whole-genome sequences of two multidrug-resistant 
Acinetobacter baumannii strains isolated from a Moroccan hospital 
floor. Genome Announc 5:e00298-17. 

[5] Coil, D., Jospin, G., Darling, A.E. (2015). A5-miseq: an updated 
pipeline to assemble microbial genomes from IlluminaMiSeq data. 
Bioinformatics,31:587–589. 

[6] Aziz, R.K., Bartels, D., Best, A.A., DeJongh, M., Disz, T., Edwards, 
R.A., Formsma, K., Gerdes, S., Glass, E.M., Kubal, M., Meyer, F., 
Olsen, G.J., Olson, R., Osterman, A.L., Overbeek, R.A., McNeil, L.K., 
Paarmann, D., Paczian, T., Parrello, B., Pusch, G.D., Reich, C., Stevens, 
R., Vassieva, O., Vonstein, V., Wilke, A. & Zagnitko, O. (2008). The 
RAST Server: Rapid Annotations using Subsystems Technology. BMC 
Genomics 9:75.

[7] Zankari, E., Hasman, H., Cosentino, S., Vestergaard, M., Rasmussen, 
S., Lund, O., Aarestrup, F.M.& Larsen, M.V. (2012). Identification of 
acquired antimicrobial resistance genes. J. Antimicrob. Chemother, 
67:2640–2644.

Figure 1: Subsystems of Acinetobacter baumannii strain AE21M generated using RAST
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The Analysis of the antimicrobial resistance genes 
by Resfinder indicates the presence of multiple gene 
encoding for resistance to b-lactams (blaADC-25, 
blaOXA-23, blaOXA-66, and blaTEM-1D), amino-
glycosides [aph [3’]-Ic, aadA1, aacA4, strA, strB, and 
armA], fluoroquinolone-aminoglycosides [aac(6=)Ib-
cr], macrolide-lincosamide streptogramin [msr(E) and 
mph(E)], sulfonamide (sul1), phenicol (catB8), and 
tetracycline [tet(B)]

Accession number(s)\; These whole-genome shotgun 
projects have been deposited at the DDBJ/EMBL/
GenBank under the accession number FWWP00000000.
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Abstract

Chemical analysis of major oxides in the studied scoria aggregates from the Harrat Rahat 
volcanic field indicates that all samples could fulfil mechanical requirements in terms of 

flexural and compressive strengths as per British and Turkish standards (TS 24, 1985[1]; BS 
EN, 1995[2]). ∑SAF or ∑SiO2 + Al2O3 + Fe2O3 in these samples lies marginally around 70 wt%. 
Samples from Jabal Gda’ah, which showed the highest total alkalies (≥ 3.9 wt %), indicate the 
least aggregate strength among the four investigated areas. Despite the low strengths caused by 
higher alkalies in the Jabal Gda’ah samples, their sulphur oxide content <3 wt% classifies them 
as pozzolanic materials according to the British and Turkish standards. 

The fine scoria lightweight aggregates from the four examined sites are free from any organic 
impurities and the pozzolanic activity test indicates that they are pozzolanically active with a 
cementitious characteristic and thus can be used as a cement additive. Based on the potential 
alkali reactivity test, all of the examined aggregates can be considered as innocuous. With 
the exception of aggregates from the Jabal Al Hala site, the iron content in the lightweight 
aggregate expressed as Fe2O3 in samples from the other three sites lies within ASTM acceptable 
specifications. According to ASTM specifications, the values of loss on ignition for the tested 
lightweight aggregates from the four sites are within acceptable limits.

Keywords: Black Scoria, Harrat Rahat, Pozzolanica, Volcanic.
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1. Introduction

Natural pozzolans are materials of volcanic origin 
but include certain diatomaceous earths. Artificial 
pozzolans are mainly products obtained by heat 

treatment of natural materials such as clays and shales 
and other siliceous rock, and pulverized fuel ash, fly 
ash, (Lefond, 1983)[3]. In the western region of Saudi 
Arabia, thirteen Cenozoic volcanic lava fields (Harrarts) 
are exposed, occupying an area of nearly 90,000 Km2 

[1] Turkish Standards (TS 24) (1985). Physical and Mechanical Testing Methods 
of Cement, UDK 666.97.06, Turkish Standards Institute, Ankara, No. 24.

[2] British Standards Institution (BS) (1995). Methods for Testing Cement: 
Part 1. Determination of Strength, EN 196-1.

[3] Lefond, S.J. (1983). Industrial Rocks and Minerals, 5th Edition. A.I.M.M. 
& Petr. Eng. Inc., New York, N.Y.
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(Coleman et al., 1983)[4]. Similar volcanic lavas are 
also recorded in the northern part of the Arabian Plate 
in Syria, (Nasir and Safarjalani, 2000[5]; Turkmani, 
2000[6]). The Harrats of Saudi Arabia have been 
classified into older and younger groups that differ 
in their composition and structural setting (Almond, 
1986[7]; Camp and Roobol[8], 1989 and 1992). The 
older group has an age range of 30-20 Ma and lie along 
the northwest trend parallel to the Red Sea Basin. The 
younger group, on the other hand, has an age range 
from 12 Ma to Recent and is located along the northern 
trending structure (commonly known as Makkah-
Madinah-Najud or MMN line). The line diverges 
from the Red Sea trend by about 25°. In the Cenozoic 
volcanic lava fields of Saudi Arabia, scoria and cinders 
are the most abundant deposits. They are reddish to 
black vesicular fragments that piled up during explosive 
eruptions of basaltic volcanoes forming cinder or scoria 
cones. Volcanic cinders are generally denser and more 
coarsely cellular than most pumice. These pyroclastic 
materials are the main source of pozzolanic materials 
in Saudi Arabia. Scoria in Harrat Rahat exists either in 
the form of cones or as deposits in the vicinity of the 

cones formed by wind action during the eruption, or by 
subsequent erosion (Moufti et al., 1998b[9], 2000[10]).

The measurement of major oxides is a helpful parameter 
for testing the pozzolanic activity of the studied 
scoriaceous volcanics. According to Massazza (1997)
[11], pozzolanic activity lies in the high content of 
reactive silica in the pozzolans. Generally, the nature 
and amount of siliceous and aluminous materials in the 
scoriaceous volcanics have important effects on their 
pozzolanic activity. Recent studies (Tűrkmenoğlu and 
Tankut, 2002)[12] proved that the strength of pozzolans 
is closely correlated with major oxide contents. In 
addition, the study also aims to demonstrate the linkage 
between the composition of minerals (essential, 
accessory and opaque) and variations in the abundance 
of different elements that may give rise to grouping on 
a geochemical basis.

2. Aim and scope of study

The chemical properties’ test carried out according to 
ASTM standards (2000)[13] included: organic impu-
rities, pozzolanic activity (Italian Chemical Society, 
1954)[14], staining materials in lightweight concrete 
aggregates (ASTM C641-07, 2001)[15] and alkali-
silica reactivity of aggregates (ASTM C289-03, 2002)
[16]. The presence of organic impurities in the scoria 

[4] Coleman, R.G., Gregory, R.T., Brown, G. F. (1983). Cenozoic volcanic 
rocks of Saudi Arabia. Open-File Report USGS-OF-03-93, Ministry 
of Petroleum and Mineral Resources, Deputy Ministry of Mineral 
Resources, Jeddah, Saudi Arabia, 82p.

[5] Nasir, S., Safarjalani, A. (2000). Lithospheric petrology beneath the 
northern part of the Arabian Plate in Syria. Evidence from xenoliths in 
alkali basalts. J. Afr. Earth Sci., 30: 149-168.

[6] Turkmani, A. (2000). Model of the upper mantle beneath the south 
Western region of Syria, deduced from the study of peridotite xenoliths. 
The 5th Inter. Conf. Arab World, Cairo Univ., pp. 167-200.

[7] Almond, D.C. (1986). The relation of Mesozoic-Cenozoic volcanism 
to tectonics in the Afro-Arabian dome. J. Volcanol. Geotherm. Res., 
28:225-246.

[8] Camp, V. E., Roobol, M. J. (1989). The Arabian continental alkali basalt 
province: Part 11. Evolution of the Harrat Rahat, Kingdom of Saudi 
Arabia. Geological Society of America. Bulletin, 101:71-95.

[9] Moufti, M.R., Sabtan A.A., El-Mahdy O.R., Shehata, W.M. (1998b). 
Preliminary geologic and engineering assessment of the pyroclastic 
deposits in the central part of Harrat Rahat. 5th Meeting of the Saudi 
Society of Earth Sciences, Dhaharan Oct., 26-29, p.25 (Submitted for 
publication in the J. King Abdulaziz University: Earth Sciences).

[10] Moufti, M.R., Sabtan A.A., El-Mahdy O.R., Shehata, W.M. (2000). 
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aggregate was tested according to the ASTM C40-04 
(2002)[17] designation. The test method covers the 
procedure for an approximate determination of the 
presence of injurious organic compounds in the fine 
aggregates to be used in cement mortar or concrete. 
There are two major types of alkali-aggregate chemical 
reactions that can occur in hardened cement concrete 
when the aggregate type and chemical constituents 
of the paste are such that these reactions are possible. 
These reactions are the alkali-silica and alkali-carbonate 
reactions. Both of these reactions are deleterious 
when they cause sufficient expansive force within 
concrete to rupture it. Concrete structures are subject to 
deterioration over time due to environmental exposure. 
Contributors to degradation include salts, moisture, 
and atmospheric gases. Rust staining, cracking and 
spalling are an often-visible sign that the concrete has 
been damaged.

3. Previous work and geology of Harrat 
Rahat

Benedetto and Baudet (1975)[18] were the first to give 
useful recommendations for beneficiation studies of 
industrial minerals in Saudi Arabia. Technical data on 
utilization, treatment and specifications were compiled 
to provide guidelines for the investigation of raw 
materials, including scoria as a source of pozzolan. 
The ‘scoriaceous’ volcanic rocks from Harrat Rahat 
studied by Laurent and Al Nakhebi (1979)[19] were 
mediocre. Laurent and Chevrel (1980)[20] carried 
out an airborne survey only for possible pozzolans 
as a lightweight aggregate over Harrat Lunayyir. Al 

Nakhebi and Laurent (1985)[21] launched an airborne 
prospecting program in the Midwestern part of Harrat 
Rahat covering an area of 900 km2 and revealed that 
16 out of the 34 investigated cones contain material 
with suitable volcanic properties, and 5 samples of 
loose scoria cones display dry loose unit weight values 
favourable for use as a lightweight aggregate. Al-
Nakhebi et al. (1990)[22] investigated the potential 
industrial mineral resources of Al-Madinah region and 
reported that the resources within a radius of 100 km 
include volcanic scoria for Portland-pozzolan cement, 
pozzolanic concrete, lightweight aggregate and rock 
wool. According to Roobol et al. (1998 a[23], b[24] 
and 1999[25]), some cones within Harrat Al Hutaymah 
can be considered as pozzolanic materials that are 
lacking at Harrat Kishb, Harrat Buqum, Harrat Nawasif 
and Harrat Al Harrah.

The evaluation of the economic potential and the engi-
neering assessment of scoria as lightweight aggregates 
in Saudi Harrats were widely dealt with during the last 
decade (e.g. Abdul Hafiz et al., 1998[26]; Moufti et al., 
2000[10]; Habib et al., 2001[27]). Among these studies,
studies, Moufti et al. (2000)[10] assessed the industrial 
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utilization of scoria materials in central Harrat Rahat
and concluded that 20% of scoria as a cement admixture 
increases the uniaxial compressive strength and decreases 
the expansion value. Multiple industrial applications 
of scoria from Harrat Rahat were recommended by 
Sabtan and Shehata (2000[28]) who reached the 
conclusion that scoria from Harrat Rahat cones meets 
ASTM requirements for utilization as heat insulating 
material and in the manufacturing of building blocks. 
Heat conductivity and the use of scoria from Harrat 
Rahat as thermal insulators were recently evaluated 
in detail by Nassief et al. (2006)[29]. 

Moufti (2003)[30] reported that Harrat Rahat is 
one of the largest volcanic fields in Saudi Arabia, 
composed mainly of basaltic lava flows and about 
644 scoria cones. He (op. cit.) added that these cones 
form elongated chains with north and northwest 
trends. He described Halat Ash Shaykh scoria cone 
in detail as showing a slope in the range of 38°-43°, 
and as mainly covered by black scoria pyroclastic 
falls, in addition to locally exposed yellow tuffs 
and red scoria and agglutinate deposits. A thick 
basaltic lava flow extends from the breached crater 
to the west, northwest and north with a total length 
of about 4 km. Moufti (2003)[30] reported that the 
black scoria falls were deposited downwind, covering 
the eastern and north-eastern slopes of the Halat Ash 
Shaykh cone and surrounding flatter terrains, forming 
a fan shaped feature. Within excavated pits, the black 
scoria deposits are exposed as individual layers that 
range in thickness from 40 cm to 16 m. The black 
scoria consists of juvenile angular vesicular clasts 
up to 2 cm across with occasional scattered volcanic 

bombs up to 60 cm. Halat Ash Shaykh cone and the 
associated black scoria deposits are interpreted as 
products of volcanic eruptions of the Strombolian type. 
General geology of Harrat Rahat and the location of the 
four scoria-rich cones are shown in Figure 1.

4. Chemical characteristics of scoria 
(composition and tests)

It is worth of mention here that the scope of the present 
study is not to determine the magma type and tectonic 
setting of the studied volcanic rocks using their chemical 
composition. It is widely known that the Phanerozoic 
Saudi volcanics of the Harrats are of alkaline composition 

[28] Sabtan, A.A., Shehata, W.M. (2000). Evaluation of engineering 
properties of scoria in central Harrat Rahat, Saudi Arabia. Bull. Eng. 
Geol. Envi. 59:219-225.

[29] Nassief, M.O., Moufti, M.R., Surour, A.A., Abou-Seadah, Y.E. (2006). 
Economic utilization of scoria deposits in Saudi Arabia as a thermal 
insulator. Final report of project No. AT 20-42 funded by King 
Abdulaziz City for Science and Technology (KACST).

[30] Moufti, M.R. (2003). Characteristics of the Pleistocene basaltic scoria 
deposits: A study of Halat Ash Shaykh scoria cone, Harrat Rahat 
Cenozoic Lava field, Saudi Arabia. 5th Inter. Conf. Geol. on the 
Geology of the Middle East, Cairo, Egypt, pp. 185-193.

Figure 1: a) Distribution of Cenozoic volcanics in Saudi Arabia (Harrats) 
and neibouring countries.

b) Simplified geological map of Harrat Rahat and location of studied scoria site.
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and formed in an extensional environment (e.g. Camp 
and Roobol, 1989)[8]. The present section on the geo-
chemistry of the studied volcanics sheds light on the effect 
of their chemistry on the pozzolanic character only.

Part of the analytical work was carried out at the 
laboratories of the Saudi Geological Survey (SGS) 
in Jeddah. For the measurement of major oxides, the 
X-ray fluorescence (XRF) technique was applied and 
the machine used is Model Broker SRS 3400. The 
detection limit of the major oxide is 0.1 wt% with the 
exception of MnO and SO3¯ ¯ which must reach the 
values of 0.01 and 0.05wt %, respectively, to ensure 
their detection by the machine and consequently their 
availability for measurement. Determination of organic 
impurities, alkali-silica reactivity and staining tests 
were carried out at the laboratories of Engineering and 

Environmental Geology Department of King Abdulaziz 
University, Jeddah.

5. Major oxides composition 

The major oxide contents of the investigated volcanic 
samples from the selected scoria sites at Harrat Rahat 
are given in Table 1 (a, b, c, d). From these tables, it 
can be noted that, ∑SAF or ∑SiO2 + Al2O3 + Fe2O3 
lies marginally around 70wt% which indicates that all 
samples could meet mechanical requirements in terms 
of flexural and compressive strengths according to the 
British and Turkish standards (TS 24, 1985[2]; BS EN, 
1995 [1]). But it is worth mentioning here that there is 
no clear variation in the contents of SiO2, Al2O3 and 
Fe2O3 either among the different volcanic varieties or 
from one area to another.

TABLE 1a. Major oxides composition of the different rock varieties from Jabal As Sahiliyah (Sa)

TABLE 1b. Major oxides composition of the different rock varieties from Jabal Al-Hala (Ha)

Sa-1
Sa-2
Sa-3
Sa-4
Sa-5
Sa-6
Sa-7
Sa-8
Sa-9
Sa-10

Ha-1
Ha-2
Ha-3
Ha-4
Ha-5
Ha-6
Ha-7
Ha-8

44.20
45.20
45.60
45.10
45.20
44.80
44.00
45.40
45.30
45.20

45.20
45.40
45.60
45.30
45.50
45.30
45.40
44.80

13.20
13.10
13.30
13.10
13.10
13.00
13.20
13.20
13.20
13.30

12.80
12.90
13.00
13.10
13.00
13.10
13.30
13.20

13.10
13.10
13.20
13.10
13.20
13.00
13.30
13.50
13.30
13.20

12.90
13.00
13.00
12.90
12.70
12.90
12.90
12.90

0.18
0.18
0.19
0.19
0.18
0.18
0.18
0.19
0.18
0.19

0.18
0.18
0.18
0.18
0.19
0.18
0.18
0.18

11.00
11.30
10.60
11.40
11.30
11.60
12.10
10.80
10.40
10.30

11.60
11.30
10.80
11.70
11.90
11.90
11.60
11.80

10.10
10.00
9.50
10.10
10.00
10.10
10.20
9.69
10.10
9.99

10.10
10.20
10.20
9.92
10.00
9.71
9.78
9.92

1.82
1.79
1.79
1.83
1.82
1.76
1.82
2.00
1.88
2.01

2.05
1.79
1.95
2.20
2.20
2.30
2.30
2.30

0.72
0.67
0.76
0.69
0.69
0.68
0.65
0.74
0.74
0.79

0.99
1.04
1.03
1.01
1.06
1.07
1.09
1.09

2.45
2.38
2.53
2.45
2.36
2.40
2.36
2.51
2.47
2.59

2.40
2.50
2.20
2.55
2.40
2.58
2.40
2.61

0.31
0.27
0.30
0.28
0.28
0.29
0.27
0.33
0.31
0.34

0.41
0.41
0.42
0.41
0.42
0.41
0.43
0.43

0.03
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.03

0.03
0.03
0.03
0.03
0.02
0.03
0.03
0.03

97.11
98.01
97.78
98.26
98.15
97.83
98.10
98.39
97.91
97.94

98.66
98.75
98.41
99.3
99.39
99.48
99.41
99.26

Oxides Wt%

Sample No.

Oxides Wt%

Sample No.

SiO2

SiO2

SiO2

SiO2

Fe2O3

Fe2O3

MnO

MnO

MgO

MgO

CaO

CaO

Na2O

Na2O

K2O

K2O

TiO2

TiO2

P2O5

P2O5

SO3¯ ¯

SO3¯ ¯

Total

Total
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The rocks’ total alkalis (Na2O + K2O) show different 
content from one area to another among the four areas. 
The contents of both oxides in the samples from Jabal 
Gda’ah are the highest where Na2O amounts ≥2.7 wt 
% and K2O amounts ≤ 1.2 wt%. The percentage of 
Na2O in the samples (scoria) from Jabal As Sahiliyah, 
Jabal Al Hala and Jabal Halat As Shaykh amounts to 
values in the ranges of 1.8-2.0 wt %, 1.79–2.30 wt % 
and 1.74-2.50 wt %, respectively. As to K2O, its content 
in the samples from Jabal As Sahiliyah is the lowest 
(0.65–0.79 wt %). In conclusion, it can be stated that 
the samples from Jabal Gda’ah with the highest total 
alkalis (≥ 3.9 wt %) might represent the least concrete 
strength among the four investigated areas. According 

to Tűrkmenoğlu and Tankut (2002)[12], the pozzolan-
based mortars show a decrease in both flexural and 
compressive strength with the increase of K2O and K2O 
+ Na2O together. 

SO3¯ ¯ content in most of the analysed samples lies 
below the limit of detection at 0.05wt%. Table 1c 
shows that only four samples, all of which are from 
Jabal Gda’ah, contain SO3¯ ¯ > 0.05, namely sample 
numbers Ga 4, Ga 7, Ga 8 and Ga 10. Despite the 
low strengths caused by the higher alkalis in the Jabal 
Gda’ah samples, their sulfur oxide content <3wt% 
classifies them as pozzolanic materials according to the 
British and Turkish standards.

TABLE 1c. Major oxides composition of the different rock varieties from Jabal Gda’ah (Ga)

Ga-1
Ga-2
Ga-3
Ga-4
Ga-5
Ga-6
Ga-7
Ga-8
Ga-9
Ga-10

45.30
45.30
45.60
45.10
45.20
46.00
45.30
45.40
45.60
45.90

13.30
13.40
13.30
13.20
13.20
13.30
13.30
13.20
13.20
13.00

12.90
12.80
12.80
12.80
12.90
13.10
12.90
12.80
12.90
12.90

0.19
0.19
0.19
0.19
0.19
0.18
0.19
0.19
0.19
0.19

11.20
11.50
11.20
11.10
11.40
11.10
11.20
11.20
11.20
11.20

9.47
9.40
9.32
9.86
9.54
9.28
9.56
9.48
9.61
9.32

2.73
2.80
2.78
2.71
2.77
2.70
2.80
2.75
2.73
2.75

1.30
1.28
1.28
1.28
1.29
1.23
1.31
1.27
1.28
1.26

2.53
2.49
2.47
2.54
2.52
2.50
2.58
2.47
2.53
2.45

0.44
0.44
0.44
0.58
0.45
0.41
0.47
0.45
0.44
0.42

0.04
0.04
0.03
0.06
0.04
0.02
0.05
0.05
0.04
0.06

99.4
99.64
99.41
99.42
99.5
99.82
99.66
99.26
99.72
99.45

Oxides Wt%

Sample No. SiO2 SiO2 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 SO3¯ ¯ Total

TABLE 1d. Major oxides composition of the different rock varieties from Jabal Halat Ash Shaykh (Hs)

Hs-1
Hs-2
Hs-3
Hs-4
Hs-5
Hs-6
Hs-7
Hs-8
Hs-9
Hs-10

45.60
46.30
45.40
45.90
45.60
45.30
44.90
45.60
45.20
45.10

13.30
13.40
13.40
13.40
13.70
13.40
13.20
13.40
13.40
13.00

12.90
12.90
13.10
13.10
13.10
12.90
13.00
12.90
13.00
13.30

0.18
0.18
0.18
0.19
0.19
0.19
0.19
0.18
0.18
0.18

11.60
11.20
11.60
11.00
10.60
11.50
11.80
11.90
11.80
12.20

9.42
9.19
9.51
9.38
9.35
9.55
9.70
9.40
9.38
9.29

2.30
2.20
2.20
2.50
2.50
2.30
2.20
2.30
2.20
1.74

0.83
0.88
0.83
0.88
1.03
0.91
0.88
0.84
0.82
0.59

2.26
2.25
2.29
2.36
2.40
2.31
2.35
2.24
2.23
2.07

0.34
0.34
0.36
0.36
0.42
0.37
0.36
0.38
0.35
0.32

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02

98.75
98.86
98.89
99.09
98.91
98.73
98.60
99.16
98.58
97.81

Oxides Wt%

Sample No. SiO2 SiO2 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 SO3¯ ¯ Total
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MnO content in all samples from the four areas lies 
in a very narrow range (0.18–0.19wt%). This implies 
similarity in the rate of olivine alteration to Fe2+ and 
Mn2+-hydroxide mixtures in the form of iddingsite 
veinlets along cracks in olivine.

In all samples from the four areas, TiO2 ranges from 
2.2 to 2.6wt%, with the exception of sample No. HS 10 
which pertains to the lowest content of 2.07 wt%. It is 
evident that the slight variation in the TiO2 content is a 
function of Fe-Ti oxide modal abundances, especially 
titanomagnetite. The amount of TiO2 is also controlled 
by its incorporation into the augite atomic structure. 

P2O5 varies among the samples from the four locations. 
The graphic presentation of P2O5 suggests a decreasing 
order of oxide from Jabal Gda’ah to Jabal Al-Hala to 
Jabal As Sahiliyah and to Jabal Halat Shaykh. The 
P2O5 content is determined by the modal percentage 
of accessory apatite and its enrichment in highly 
fractionated varieties from the basaltic melt. This seems 
to correlate in parts with the Ce content as displayed 
by two samples from Jabal Halat Ash Shaykh, namely 
sample No. Hs 5 and Hs 10.

As shown in the section on the mineralogical 
characteristics of the studied scoria deposits using the 
XRD technique, clay minerals and zeolites are detected 
in most samples except for the proper black scoria that 
is completely lacking these minerals. Nevertheless, 
the occurrence of zeolites in particular is connected to 
a slight but not negligible increase of K2O and Na2O 
that help in the formation of phillipsite and chabazite, 
respectively. Recently, Perrier and Froidefond (2003)
[31] suggested that the higher abundances of zeolite 
minerals are responsible for an increase in the electrical 
conductivity and steaming potential coefficient of 
alkaline volcanics. Generally, the importance of 
zeolites in surface conductivity has been documented in 
literature (e.g. Revil et al., 2002)[32]. This is attributed 

to the arranged in three–dimensional networks with 
large cavities allowing ion and water exchange.

Finally, it is expected here that the modification of the 
studied samples’ major oxides with some chemical 
additives will lead to zeolitization in a similar way to the 
autoclaved concrete (AAC), as explained very recently 
by Grutzeck et al. (2004)[33]. They (op.cit.) showed 
that starting with fly ash, mine tailing and porous tuffs, 
if ground SiO2 and sodium hydroxide (NaOH) are added 
during heating, a fine brand of zeolite–rich lightweight 
concrete will be produced. Such concrete blocks and 
panels are commonly used as building materials in 
most countries in Europe, especially after the World 
War II, and currently more than 50 % of houses in 
Japan are constructed using such type of zeolite–rich 
concrete. This concrete is self-insulating in addition of 
being sound–and fireproof.

6. Organic impurities

The presence of organic impurities in the scoria aggre-
gate was tested according to the ASTM designation. The 
test method covered the procedure for an approximate 
determination of the presence of injurious organic 
compounds in the fine aggregates to be used in cement 
mortar or concrete. The tested specimens indicated 
that the fine scoria aggregates obtained from the four 
selected sites are free from organic impurities.

7. Pozzolanic activity

The pozzolanic activity of the lightweight aggregate 
from the four selected sites was determined according 
to the Italian standard (Italian Chemical Society, 1954)
[14] where the aggregate is mixed with cement and 
distilled water and kept for a period of 8-15 days.

The measured alkalinity (OH-) and lime concentration 
(CaO) for the solution of three samples for each site are 
given in Table 2. Figure 2 shows that the levels of the 
concentrations of all the tested samples fall below the 

[31]   Perrier, F., Froidefond, T. (2003). Electrical conductivity and streaming 
potential coefficient in a moderately alkaline lava series. Earth Planet. 
Sci. Lett., 210:351-363.

[32] Revil, A., Hermitte, D., Spangenberg, E., Cochemé, J.-J. (2002). 
Electrical properties of zeolitized volcaniclastic materials. J. Geophys. 
Res., 107:1029-1041.

[33] Grutzeck, M., Kwan, S., Di Cola, M. (2004). Zeolite formation in 
alkali-activated cementitious systems. Cement & Concrete Res., 34, 
949-955.
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lime solubility isotherm, which indicates that the scoria 
samples are pozzolanically active. This means that the 
scoria samples have a cementitious characteristic and 
can be used as a cement additive.

8. Alkali-aggregate reactions

Two major types of alkali-aggregate chemical reactions 
can occur in hardened cement concrete when the 
aggregate type and chemical constituents of the paste 
are such that these reactions are possible. These reactions 
are the alkali-silica and alkali-carbonate reactions. Both 
of these reactions are deleterious when they cause suf-
ficient expansive force within the concrete to rupture it.

The alkali-silica reaction will occur if the cement 
alkalis react with certain forms of silica in the aggregate 
component of concrete, forming an alkali-silica gel at 
the aggregate’s surface. Silica gel has a very strong 
affinity for water, and thus has a tendency to swell. 
These expanding compounds can cause internal 
pressures strong enough to cause cracking of the paste 
matrix, which can then result in compromised concrete 
with an open door to an increasing rate of deterioration.

The potential alkali reactivity test for the four selected 
sites was carried out according to ASTM C-289 (2002)
[16]. The test was performed by adding 1N sodium 
hydroxide solution to the aggregate that has been 
crushed and sieved to pass test sieve No.50 and to retain 

TABLE 2. Pozzolanic activity data as expressed by lime and 
alkalinity of the scoria lightweight aggregates for the four 

selected sites

Sa-1

Sa-5

Sa-10

Ha-1

Ha-5

Ha-8

Ga-1

Ga-5

Ga-10

Hs-1

Hs-5

Hs-10

80.40

79.03

80.93

84.42

81.78

84.94

87.81

84.95

85.69

83.58

81.99

80.40

3.03

3.34

2.93

2.35

2.66

2.69

2.29

2.73

2.19

2.02

2.56

2.02

Sample No. OH- (M.Mole /L) CaO (M.Mole /L)

Figure 2: Pozzolanic activity expressed as the levels of concentrations of lime and alkalinity in samples from 
the four studied scoria sites.
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on test sieve No.100. The amount of reaction during 
24 hours at a temperature of about 80˚c was measured 
by determining the reduction in the alkalinity and the 
amount of dissolved silica as given in Table 3. The results 
of this test also are plotted as given in Figure 3. It is 

concluded from such figure that all of the investigated 
lightweight aggregates from the four selected sites can 
be considered innocuous aggregates.

9. Staining of concrete aggregates

Concrete structures are subject to deterioration over 
time due to environmental exposure. Contributors to 
degradation include salts, moisture and atmospheric 
gases. Rust staining, cracking and spalling are an often-
visible sign that the concrete has been compromised.

The potential degree of staining attributable to the pre-
sence of iron compounds in the lightweight aggregate 
samples from the four selected sites was evaluated 
according to ASTM C641 (2001)[15]. The method involves 
the exposure of a portion of the aggregate to a steam 
bath for 16 hours, after which the degree of staining 
resulting from the liberation of iron compounds is 
evaluated, primarily by means of a visual classification 
method in accordance with photographic stain index 
reference standards. The proportion of such compounds 
is determined by a chemical analysis method as required 

TABLE 3. Results of alkali reactivity test for the scoria 
lightweight aggregates for the four selected sites.

Sa-1

Sa-2

Sa-3

Ha-1

Ha-2

Ha-3

Ga-1

Ga-2

Ga-3

Hs-1

Hs-2

Hs-3

Sample No.

66.600

66.600

63.936

52.614

54.612

52.614

57.276

55.944

56.610

65.934

65.934

66.600

Dissolved Silica
(millimole/litre)

3.03

3.34

2.93

2.35

2.66

2.69

2.29

2.73

2.19

2.02

2.56

2.02

Reduction in Alkalinity 
(millimole/litre)

Figure 3: Results of alkali-silica reactivity test for samples from the four studied scoria sites.
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by ASTM Specifications C 330 and C 331 for 
lightweight aggregate. The results of this test 
for the four selected sites are given in Table 4 
and Figure 4.

According to ASTM C641 (2001)[15], an aggregate 
producing a stain index of 60 or higher shall be rejected 
when the deposited stain is found upon chemical analysis 
to contain iron content, expressed as Fe2O3 equal to or 
greater than 1.5 mg/200 g. 

It was found that the iron content in the lightweight 
aggregate of As Sahiliyah, expressed as Fe2O3, ranges from 
0 to 1 mg/200g, with an average of about 0.68 mg/200g. 
The stain index for Al Hala, according to photographic 
stain index reference standards, ranges from 20 to 35. 
However, chemical analysis results indicate that Fe2O3 
is higher than it is permitted as the value of Fe2O3 
ranges between 2.03 mg/200g and 8.29 mg/200g with 
an average of 6.11 mg/200g. It was also found that two 
of the three samples from Gda’ah were free from Fe2O3, 

while the third one contained about 1.49 mg/200g of 
Fe2O3. The amount in Halat Ash Shaykh aggregates 
ranged between 0.01 mg/200g and 1.52 mg/200g with 
an average of about 0.96 mg/200g. It is observed that the 
obtained results are within the acceptable specification 
limits, except for the aggregate from Al Hala.

10. Loss on ignition

It is well documented that the use of altered and 
weathered basaltic aggregates in constructions may 
cause premature (in-service) failures. Case studies and 
previous research attribute this failure to the presence 
of smectite minerals in the aggregates used (Scott 
1955[34]; Van Atta & Ludowise 1976[35]; Wylde 
1976[36]; Van Rooy 1991[37]; Lagerblad & Jacobsson 
1997[38]). The reported failure mechanisms include the 
release of plastic fines and the potential of these minerals 
to expand and contract with moisture fluctuations. The 
presence of smectite increases drying shrinkage of 

Figure 4: Histogram showing the concentrations of Fe2O3 (mg/200g) in the 
lightweight aggregates from the four studied scoria sites

TABLE 4. Staining data of «concrete» 
scoria lightweight aggregates for the 

four selected sites

Sa-1

Sa-2

Sa-3

Average

Ha-1

Ha-2

Ha-3

Average

Ga-1

Ga-2

Ga-3

Average

Hs-1

Hs-2

Hs-3

Average

—

1.05

1.0

0.68

8.01

8.29

2.03

6.11

—

—

1.49

1.49

1.34

1.52

0.01

0.96

Sample No. Fe2O3 mg/200g

[34] Scott L.E. (1955). Secondary minerals in rock as a cause of pavement 
and base failure. Proc. Highw. Res. Board, 34th Ann. Meet., pp.412-417.

[35] Van Atta, R.O., Ludowise, H. (1976). Causes of degradation in basaltic 
aggregates and durability testing. 14th Eng. Geol. and Soils Eng. Symp., 
pp. 241-254.

[36] Wylde, L.J. (1976). Degradation of road aggregates. Austral. Road Res. 
6 (1): pp. 22-29.

[37] Van Rooy, J.L. (1991). The influence of the mineralogy on the 
durability of Drakensberg basalts. In: Blight et al.: Geotechnics in the 
African Environment, pp. 383-392.

[38] Lagerblad, B., Jacobsson, B. (1997). Smectite clays and concrete dura-
bility. Proc. of the 19th Int. Conf. Cement Microscopy, pp. 151-162. 
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mortar samples when present in aggregates 
used in concrete (Sveinsdottir et al., 1999 [39]).
The loss on ignition method measures the pro-
portion of hydrated minerals in the aggregates. 
This is probably also a measure of the amount 
of minerals that have a swelling potential.

The loss on ignition, for lightweight aggregates 
for each selected site was carried out by 
pulverizing the fraction to pass test sieve No. 
4 (4.75 mm) and then heating the sub samples 
from 110 to 1100 °C. The mass loss was 
calculated. The results of the loss on ignition 
test for the lightweight aggregate for the four selected 
sites are given in Table 5 and Figure 5.

It can be seen from Table 5 and Figure 5 that the 
loss on ignition for the lightweight aggregate of As 
Sahiliyah ranges between 1.55 % and 2.08 % with 

an average of about 1.77 %, while that of Al Hala 
lightweight aggregate ranges between 0.376 and 1.57, 
with an average of about 0.91. The loss on ignition for 
Jabal Gda’ah ranges between 0.22% and 0.53% with 
an average of about 0.34%, while that for Halat Ash 
Shaykh lightweight aggregates ranges between 0.77 % 
and 1.29%, with an average of about 0.96%. 

According to ASTM C114-06e1 (2001)[40], the loss 
on ignition of aggregates, consisting of end products of 
coal or coke combustion, shall not exceed 12%, while 
loss on ignition of other aggregates shall not exceed 
5 %. This indicates that the lightweight aggregates 
for the four selected sites are within the acceptable 
specification norms.

Conclusions

1) The measurement of major oxides is a helpful 
parameter for testing the pozzolanic activity of 
the studied scoriaceous volcanics. According to 
Massazza (1997)[11], the pozzolanic activity lies 
in the high content of reactive silica in pozzolans. 
Generally, the nature and amount of siliceous and 
aluminous materials in scoriaceous volcanics have 
important effects on their pozzolanic activity. Recent 
studies, e.g. Tűrkmenoğlu and Tankut (2002), proved 

[39] Sveinsdottir, E.L., Magnusdottir, B., Hardardottir V., Holmgeirsdottir, 
T.H., Kristmannsdottir, H., Tryggvason, N. (1999). The effect of alte-
ration minerals on the quality of construction aggregates (in Icelandic). 
IBRI Report no. 99-01, 53 pp + appendices.

[40] ASTM C114-06e1 (2001). Standard test methods for chemical analysis 
of hydraulic cement. Book of standards, Volume 04.01, Philadelphia, 
PA, USA.

TABLE 5. Loss on ignition % for the lightweight aggregates 
for the four selected sites.

Sa-1

Sa-5

Sa-10

Average

Ha-1

Ha-4

Ha-8

Average

Ga-1

Ga-2

Ga-3

Average

Hs-1

Hs-5

Hs-10

Average

Sample No.

1.298

1.625

1.294

1.406

1.067

1.241

0.716

1.008

0.217

0.409

0.359

0.328

0.799

0.492

1.218

0.836

Humidity (H2O %)

1.550

2.081

1.682

1.771

0.779

1.566

0.376

0.907

0.248

0.534

0.223

0.335

0.766

0.840

1.286

0.964

Loss on ignition %

Figure 5: Histogram showing the % of loss on ignition in the lightweight 
aggregates from the four studied scoria sites
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that the strength of pozzolans is closely correlated 
with major oxide contents. As to the samples of the 
present project, ∑SAF or ∑SiO2 + Al2O3 + Fe2O3 
lies marginally around 70 wt% which indicates that 
all samples could meet the mechanical requirements 
in terms of flexural and compressive strengths 
according to the British and Turkish standards 
(TS 24, 1985[2]; BS EN, 1995[1]). But it is worth 
mentioning here that there is no clear variation in 
the contents of SiO2, Al2O3 and Fe2O3, either among 
the different volcanic varieties or from an area to 
another. 

2) It can also be stated that the samples from Jabal Gda’ah, 
with the highest total alkalies (≥ 3.9 wt%), may 
represent the least strength of concrete among the 
four investigated areas. According to Tűrkmenoğlu 
and Tankut (2002)[12], pozzolan-based mortars 
show a decrease in both flexural and compressive 
strength with the increase of K2O and K2O + Na2O.

3) In most of the analyzed samples, SO3¯ ¯ content lies 
below the limit of detection of 0.05 wt%. Table 1
shows that only four samples, all of which are 
from Jabal Gda’ah, contain SO3¯ ¯ > 0.05 (sample 
numbers Ja 4, Ja 7, Ja 8 & Ja 10). Despite the low 
strengths caused by the increase of alkalies in the 
Jabal Gda’ah samples, their sulfur oxide content 
<3 wt% classifies them as pozzolanic materials 
according to the British and Turkish standards. 

4) The sand equivalent values are considered to be 
excellent as the observed values highly exceed the 
value specified by the Washington Aggregates and 
Concrete Association. The fine scoria aggregates 
are also free from organic impurities. 

5) The pozzolanic activity test indicates that the scoria
samples are pozzolanically active with a cementitious 
characteristic and can be used as a cement additive. 
The results of the potential alkali reactivity test also 
indicate that all the lightweight aggregates can be 
considered innocuous aggregates.

6) The iron content in the lightweight aggregates expressed 
as Fe2O3 for the four sites lies within ASTM acceptable 
specification limits, except for aggregate from Al Hala. 

7) The loss on ignition values for the lightweight aggregate 
for the four sites are within ASTM acceptable specifi-
cation limits.

Acknowledgments

The authors are greatly indebted to the King Abdulaziz 
for Science and Technology (KASCT, Riyadh, Saudi 
Arabia) for the generous financial support.  Project No. 
AT-20-42 benefited from such fund and the authors 
would also like to thank the Department of Mineral 
Resources and Rocks at the King Abdulaziz University 
for the field laboratory facilities.



6060

Abstract

Bioethanol is a safe and renewable energy source that has gained attention in the past few years. 
The most important step in the production of bioethanol is the recovery of sugars from cellulosic 

biomass using cellulases. One of the important members of these cellulases is Exoglucanase. 
The Exo 1,4-bcello biohydrolase gene (2.532 kb) of “Caldicellulosiruptorkronotskyensis 2002” 
was amplified by poylmerase chain reaction (PCR). By using pET-21a(+) as an expression 
vector, this gene locus_tag»Calkro_0864» (GenBank Accession No. CP002330.1 and protein_
id=»ADQ45740.1) was cloned and expressed in “Escherichia coli BL21 Codon Plus” expression 
host. SDS-PAGE was done to determine the molecular mass of recombinant enzyme and it was 91 
k Da. Specific activity was found to be 10.48 Units/mg. The increase in expression after cloning 
will be very beneficial in developing an industrial process for natural biomass conversion into 
fermentable sugars using cellulases.

Keywords: Cellulase, Thermos table, Exoglucanase, Over expression.
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1. Introduction

The most important and essential renewable carbon 
source on earth is plant biomass. This biomass consists 
of approximately 40-55% of cellulose, 25-50% of 
hemicellulose and 10-40% of lignin [1]. Cellulose 
degradation is important due to its role in the making 
of bio based products that can replace fossil fuels [2]. 

Due to the presence of bacterial and fungal cellulases, 
degradation of these plant materials has become easier 
for getting carbon and energy [3]. Complete hydrolysis 
of cellulose requires the combined action of three main 
types of enzymes: Endoglucanases, Exoglucanases or
cellobiohydrolases and b-glucosidases [4]. Exoglucanases
or cellobiohydrolases (1,4-b-D-glucan cellobiohydrolase; 
EC3.2.1.91) cause the sequential hydrolysis of cellu-

[1] Vanitha, M.C., Meera, B., Ramani, G., Mala, R., Seeta, L. & 
Gunasekaran, P. (2011). Molecular cloning and expression of family 
7 cellobiohydrolase gene CbhI from Penicilium Funiculosum NCL1. 
International Journal of Microbiology Research, 3(2): 97-107.

[2] Skalman, L.N. (2010).Cloning, expression and characterization of 
glycoside hydrolases from the thermophilic cellulolytic anaerobic 
bacterium Caldicellulosiruptor Kristjanssonii.

[3] Voutilainen, S. (2011). Fungal thermostable cellobiohydrolases charac-
terization and protein engineering studies. Julkaisija Utgivare Publisher.

[4] Segato, F., Damasio, A.R.L., Gonçalves, T.A., Murakami, M.T. 
Squina, F.M., Polizeli, M.L.T.M. Mort, A.J. & Prade, R.A. (2012). 
Two structurally discrete gh7-cellobiohydrolases compete for the same 
cellulosic substrate Fiber. Biotechnol. Biofuels, 5: 21.
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lolytic chains and remove the cellobiose units from 
both ends (reducing or non-reducing ends) of the chain. 
b-Glucosidases (EC 3.2.1.21) cleave the resulting 
cellobiose by producing glucose units and complete the 
hydrolysis of cellulose [5].

Cellobiohydrolases (EC 3.2.1.91) belong to the glyco-
side hydrolase family numbers 6, 7, 9 and 48. Usually, 
they are active onboth crystalline and amorphous 
parts of the cellulose but decrease the chain length of 
cellulose very slowly. Naturally, cellulolytic enzymes 
are present in microorganisms of extreme environments. 
Caldicellulosiruptor saccharolyticus is an anaerobic 
and thermophilic bacterium which can grow at an 
optimal temperature of 70˚C. This thermophilic 
bacterium secretes cellulolytic enzymes when it grows 
on cellulose and converts it into simple sugars [6]. With 
the help of recombinant DNA technology, cloning and 
expression of thermostable enzymes from thermophilic 
microorganisms into mesophilic microorganisms is 
possible. Many types of mesophilic microbes such 
as Escherichia coli, Bacillus subtilis, Saccharomyces 
cerevisiae, Pichiapastoris, Aspergillusoryzae and many 
others are used as expression hosts [7]. In the present 
study, the exoglucanase gene was cloned in E.coli 
and was over expressed using different optimization 
strategies.

Cellobiohydrolases have many commercial applications. 
They are used in the textile industry and serve as a 
substitute for conventional stonewash methods known 
as biostoning. They are also used in the detergent 
industry to reduce fuzz and fabric pilling. For cotton 

garments, they are used as cleaning agents. Beside these 
uses, they are also used in animal feed and improve 
the nutritional quality and digestibility of these feeds, 
as well as in the processing of fruit juices [8]. This 
cellulolytic enzyme also has applications in the paper 
and pulp industries and in mechanical pulp production 
processes where it is used to lower energy consumption. 
The most recent and important application of this 
enzyme is the industrial conversion of plant biomass 
into fermentable sugars, convertible into bioethanol 
and used in lieu of fossil fuels in automobiles [9].

2. Materials and methods

- Bacterial strains:

Caldicellulosiruptor Kronotsky Ensis 2002 DNA was 
taken from the project of “Production of Bioenergy 
from Plant Biomass” taking place at the Institute of 
Industrial Biotechnology, GC University, Lahore. It 
was used as a source of exo 1,4-beta cellobiohydrolase 
gene. “Escherichia coli BL21 Codon Plus” was used as 
a cloning and expression host. 

- Vectors:

The cloning and expression vector used was pET-21a(+).

- Amplification of gene of interest by polymerase chain 
reaction (PCR):

The exo 1,4-beta-cellobiohydrolase gene of Caldicellu-
losiruptor Kronotsky Ensis 2002 was amplified by PCR.
The forward primer sequence for this gene amplification was
 CATATGTTAACTAATAAAAAGCTTAGGGAGTATGTATATTTG 
and the reverse primer sequence was
GCGGCCGCTTATTTTGGTTCTTGCCCCCATACCAG [10]. 
(GenBank Accession No. CP002330.1 and protein_
id=»ADQ45740.1»)

[5] Yang, S., Jae, I.,Kataeva, S.D., Hamilton-Brehm, Engle, N.L., 
Tschaplinski, T.J., Doeppke, C., Davis, M., Westpheling, J. & Adams, 
M.W. (2009). Efficient degradation of ligno cellulosic plant biomass 
without pretreatment by the thermophilic anaerobe Anaerocellum 
Thermophilum DSM 6725. Applied Environmental Microbiology, 
75(14): 4762-4769.

[6] Park, J.I., Kent, M.S., Datta, B.S., Holmes, M., Huang, Z., Simmons, 
B.A. & Sapra, R. (2011). Enzymatic hydrolysis of cellulose by the 
cellobiohydrolase domain of CelB from the hyperthermophilic bacterium 
Caldicellulosiruptor Saccharolyticus. Bioresource Technology, 102(10): 
5988-5994.

[7] Satyanarayana, T., Littlechild, J. & Kawarabayasi, Y. (2013). Thermo-
philic microbes in environmental and industrial biotechnology. Bio-
technology of Thermophiles, 2nd ed. Springer. pp. 783.

[8] Bista, S. (2011). Cloning and characterization of a novel thermostable 
endoglucanase from Caldicellulosiruptor Bescii in heterologous host 
Escherichia coli.

[9] Yeoman, C.J, Han, Y., Dodd, D., Schroeder, C.M., Mackie, R.I. & Cann, 
I.K.O. (2010). Thermostable Enzymes as biocatalysts in the biofuel 
industry. Advances in Applied Microbiology, 70: 1-55.

[10] Sambrook, J. & Russell, D.W. (2001). Molecular cloning: a laboratory 
manual. 3rd ed., Cold Spring Harbor Laboratory Press.
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- Analysis of PCR product:

DNA ladder (SM#0313) was run along with the PCR 
product for 45 minutes at 90 volts. The bands were cut 
with the help of a sterile blade. Excised gel pieces were 
then transferred from gel to labelled Eppendorfs.

- Gene cleaning:

Vivantis Nucleic acid gel extraction kit was used for 
the purification of PCR product.

- Restriction of gene and expression vector:

Gene clean product and pET-21a(+) plasmid were 
restricted with restriction enzymes NcoI and NotI 
to produce sticky ends. The reaction mixture was 
incubated at 37˚C overnight. After 16 hours incubation, 
a 2nd restriction enzyme NotI was added and incubated 
at 37˚C for 3 hours and agarose gel was run. 

- Gene cleaning:

The gene of interest and pET-21a (+) plasmid were 
excised from the gel with a sterilized blade. Both were 
purified using a gel extraction kit. For checking the 
purity of the gene clean product, agarose gel was run at 
90 volts for 45 minutes.         

- Ligation of Exo 1,4-beta-cellobiohydrolase gene in 
expression vector pET-21a(+):

Purified exo 1,4-beta-cellobiohydrolase gene was ligated 
into the pET-21(+) expression vector. The ligation 
mixture was incubated overnight at 22˚C.

- Transformation

1μL of ligation mixture was mixed with 150mL of 
E. coli BL21 Codon Plus competent cells in a clean 
Eppendorf tube and incubated on ice for 40 min. Then 
heat shock was given at 42˚C for 2 min in a water 
bath. The Eppendorf was incubated on ice for 2-5 
min. 800mL of LB broth was added into the Eppendorf 
and incubated at 37˚C in a shaking incubator for 45-
60 minutes. After incubation, 800mL supernatant 
was discarded and the pellet was suspended in the 

remaining medium and spread on LB agar-ampicillin 
plate. The plates were incubated overnight at 37˚C. 
After overnight incubation, colonies appeared on the 
plates. For confirmation of the gene insertion, colonies 
were selected for colony PCR. After PCR, the amplified 
product was run on agarose gel and analysed.

- Expression analysis of Exo 1,4-beta-
cellobiohydrolase gene

Positive colonies were inoculated in 5mL LB broth 
having 5mL ampicillin and incubated overnight at 37˚C 
in a shaking incubator. This culture was refreshed by 
adding 20mL inoculum to a conical flask with 20mL 
LB broth and placed in an incubator shaker at 37˚C for 
its growth. When O.D600nm reached 0.3-0.4, induction 
was given at 0.5mM IPTG concentrations and 
incubation was given at 37˚C in a shaking incubator. 
After overnight incubation, cells were harvested by 
centrifugation at 12000 rpm for 5 min. The supernatant 
was separated and cells were suspended in 500mL of 
pH=7 phosphate buffer. The pellet cells were lysed by 
sonication and were centrifuged for 15 min at 12000 
rpm (4˚C). The supernatant was collected separately in 
a sterilized Eppendorf and SDS-PAGE was performed 
to analyse the expression of recombinant gene.

- Enzyme activity assay

This assay was performed with natural substrate 
sugarcane bagasse. In a glass test tube, 100mL of 
substrate, 100mL of enzyme and 800 mL of the buffer 
were combined. Incubation was carried out at 90˚C in a 
boiling water bath for 10 minutes and then kept on ice 
for 10 minutes to stop enzyme action [11]. Then, 1mL 
of DNS was added and kept in a boiling water bath for 
10 minutes and then cooled down at room temperature. 
Absorbance was taken at 546 nm [12]. Enzyme activity 
was calculated by the following formulas:

[11] Akhtar, M.S., Saleem, M. & Akhtar, M.W. (2001). Saccharification 
of lignocellulosic materials by the cellulases of Bacillus subtilis. 
Int.J.Agr. Biol., 3, 199-202.

[12] Miller, G.L. (1959). Use of Dinitrosalicylic acid reagent for determi-
nation of reducing sugar. Anal. Chem., 31 (3): 426–428.
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- Enzyme activity:

One unit of enzyme activity was defined as the amount 
of enzyme that releases 1 micro mole (mM) of reducing 
sugar per minute from 1mg of total protein.

Activity (mmol/ mL / min) = 

- Specific activity:

It is the activity of an enzyme per milligram of total 
protein and is expressed in mmol min−1mg−1”.

Specific activity (units/mg) = 

3. Results and discussion

- FASTA format of gene sequence

The fasta format of gene sequence was obtained from
GenBank (Accession no. CP002330.1 (locus_tag=»
Calkro_0864») protein_id= ADQ45740.1>gb|CP002330.1|:
1036170-1038701 Caldicellulosiruptor Kronotsky Ensis 
2002, complete genome). This gene was used for the 
expression of exoglucanse.

- Amplification of gene by PCR:

Exo 1, 4-b cellobiohydrolase gene of Caldicellulosiruptor 
Kronotsky Ensis 2002 was amplified by PCR. After 
amplification, agarose gel was run to visualize the gene 
fragment of 2.5 kb (Figure 1). The band was excised 
and purified by gene cleaning. After gene cleaning, the 
purified product was loaded on gel and the gel was run 
to check the purity of the amplified gene.

- Restriction of amplified gene

The amplified gene of Exo 1,4-b cellobiohydrolase 
was restricted with NcoI and NotI restriction enzymes 
to produce sticky ends as shown in Figure 2. These 
restriction enzymes were also reported by other researchers 
for the same purpose [2].

- Isolation of pET-21a(+) expression vector

pET-21a (+) plasmid was also isolated using the alkaline 
lysis method. After isolation, the gel was run to check 
the presence of plasmid (Figure 3). It was treated with 
RNasetore move RNA. This vector is normally used 
for the over expression of desired genes due to its ease 
of handling [13].

[13] Liu, S.A., Li, D.C. E,S.J.&Zhang,Y.(2005). Cloning and expressing of
cellulase gene (cbh2) from thermophilic fungi Chaetomium Thermophilum 
CT2. Sheng Wu Gong Cheng XueBao., 21(6):892-899.

(X) reading from graph x Dilution factor (DF) x 1000 
Time of incubation x Mol. Wt of sugar

Enzyme activity (mmol/mL/min)

mg of protein/mL

Figure 1: M: 1 Kb DNA ladder (SM#0313)
Lane 1 and 2: Amplified PCR product

Figure 2: Lane 1: 
Restricted PCR 
product

Figure 3: Lane 1: 
Circular pET-
21a(+) 
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- Restriction of expression vector

The expression vector was restricted with restriction 
enzymes NcoI and NotI to produce a linear molecule of 
5.4 kb and gel was run to visualize the restriction.

- Transformation in E. coli BL21 Codon Plus:

The gene of interest was ligated in the expression vector 
and transformed in E. coli BL21 CodonPlus competent 
cells and gel was run to visualize the circular plasmid.

- Single digestion of circular recombinant plasmid:

The single restriction of circular plasmid was performed 
with NcoI to get a recombinant plasmid of 7.9 kb 
containing pET-21a(+) and gene of interest. After 
restriction, gel was run to visualize the 7.9 kb band.

- Confirmation of desired gene by colony PCR:

Colony PCR was performed to confirm the presence of 
the desired gene. Gel was run and the desired band of 
2.5kb was seen under UV transilluminator.

- Isolation of recombinant plasmid:

From positive colonies of colony PCR plate, one colony 
was selected and the recombinant plasmid (7.9kb) was 
isolated through the alkaline lysis method. 

Figure 4: Lane 1: 
Restricted pET-
21a(+) of 5.4 kb

Figure 5: 
Transformed 
Circular plasmid

Figure 6: Lane 
1: Recombinant 
product of 7.9 kb

Figure 7: Lane 
1 and 2: Colony 
PCR product

Figure 8: Lane 
1: Recombinant 
plasmidSDS-
PAGE:
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To determine the molecular mass of recombinant 
protein, SDS-PAGE was run using 10% resolving gel 
and 5% stacking gel. 91 kDab and on gel confirmed the 
presence of recombinant protein.

Activity assay:

Positive colony was induced with 0.5mM IPTG to 
analyse expression. Supernatant and cell lysate both 
expressed the cellobiohydrolase gene but activity was 
high in supernatant as compared to cell lysate. 

The cloning of cellobiohydrolase genes from different 
microorganisms has been done by many researchers.
From various types of thermophilic microorganisms, 
thermo stablecellulases have been cloned and purified.
A thermostable cellulase was cloned from T. maritime 
MSB8 strain and its molecular mass 27 kDa. 29 kDa 
thermostable cellobiohydrolase has also been cloned 
from this strain [14]. A fungal cellobiohydrolase (CbhI) 

Figure 9: L: Protein ladder (SM#0671)Lane 1: induced control; 
Lane 2: induced control; Lane 3: Sample 

Cell lysate
(After sonication)

Control

0.18

0.02

3.7

3.6

10.48

0.005 

Sample
Total activity

Units /
mL/ min

Total protein
(mg/mL)

Specific activity
(U/mg)

gene of Corticiumrolfsii was cloned and expressed 
in Aspergillus Oryzae and its size was 89 kDa [15]. 
A thermophilic fungus Chaetomium Thermophilum 
CT2 cellobiohydrolase 11 gene was cloned in a 
yeast secretive vector pPIC9K, and expressed in 
Pichiapastoris GS115. Its molecular mass was 
67kDa [13]. The cellobiohydrolase gene (Cbh3) of 
Chaetomium Thermophilum was cloned and expressed 
in Pichia Pastoris with molecular mass of 48 kDa 
[16]. Three cellulolytic enzymes were cloned from 
Caldicellulosiruptor Kristjansson Ii bacterium and 
expressed [2]. The Celb gene of Caldicellulosiruptor 
Saccharolyticus was cloned and expressed in E. coli 
[6]. Cellobiohydrolase Cel7a gene was cloned from the 
mushroom Lentilula Edodes N127 using RT-PCR and 
expressed in Escherichia coli [17].

In the present study, E. coli BL21 CodonPlus was used 
both as a cloning host and an expression host. The 
reasons for using E. coli BL21 CodonPlus as cloning 
and expression host were the low cost, the reduced time 
requirements and easy and good expression. In view 
of this these reasons, instead of using other bacterial 
strains for cloning and expression, one bacterial strain, 
Caldicellulosiruptor Kronotsky Avensis 2002, was 
preferred to other bacterial strains in view of its ability 
to grow on different types of complex and simple 
substrates over a broad temperature range of upto 90˚C, 
as well as of the production of thermostable enzymes.

[15] Yasokawa, D., Shimizu, T. Nakagawa, R. Ikeda, T.&K. Nagashima. 
(2003). Cloning, sequencing, and heterologous expression of a 
cellobiohydrolasec DNA from the basidiomycete Corticium rolfsii. 
Bioscience, Biotechnology and Biochemistry, 67(6): 1319-1326.

[16] Li, Y.L., Li, H., Li, A.N. & Li, D.C. (2008). Cloning of a gene encoding 
thermostable cellobiohydrolase from the thermophilic fungus 
Chaetomium Thermophilum and its expression in Pichiapastoris. 
Journal of Applied Microbiology, 106(6): 1867-1875.

[17] Taipakova, S., Smailov, B. Stanbekova, G. & Bissenbaev, A. (2011). 
Cloning and expression of Lentinula Edodes Cellobiohydrolase gene 
in E. coli and characterization of the recombinant enzyme. Journal of 
Cell and Molecular Biology, 9(1): 53-61.

[14] Niehaus, F., Bertoldo, C. Kahler, M. & Antranikian, G. (1999). 
Extremo-philes as a source of novel enzymes for industrial application. 
Appl.Microbiol. Biotechnol., 51: 711-729.



Ikram-ul-Haq, Fatima Akram, Ali Nawaz, Ali Javed and Madeeha Ahmed

66

Conclusion

With the help of recombinant DNA technology, the 
production of thermostable enzymes is possible. By 
using the cloning and expression strategies of this 
technology, thermostable enzymes of thermophilic 
microorganisms can be isolated, cloned and expressed 
in mesophilic hosts. Exo 1,4-b-cellobiohydrolase 

gene (GenBank Accession No. CP002330.1) of 
Caldicellulosiruptor Kronotsky Avensis 2002 was 
successfully cloned in Escherichia coli BL21 
CodonPlus. Due to its thermostability, this recombinant 
enzyme has many applications in the textile, food, 
detergent and biofuel production industries.
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