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ABSTRACT
A total number of 160 pharmaceutical samples of four antibiotic
groups were collected, and microbial load was counted by surface plate
method in the term of CFU/ml. Total contaminated samples with
bacteria and/or fungi were (46) samples with a percentage of (28.7%)
where (64) fungal isolates and a single bacterial isolate were detected.
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Three fungal isolates, which represented the predominant fungal
isolates, were selected and identified by 18S rRNA for investigating
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the effect of gamma radiation as a sterilization method. The dose
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response curve of the three fungal isolates showed that 6.0 and 7.0
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KGy reduced their viable count completely. Three contaminated
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antibiotics (cefotaxime, cefoperazone and cefepime) were irradiated to
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determine the sterilization dose. After irradiation, no or slight changes
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were observed in their odor, clarity, solubility in water, pH and their
forms. However, mild changes in their color were detected. The dose

25 KGy was an efficient dose for complete sterilization and could not degrade the chemical
structure of the samples as determined by HPLC, which indicated the stability of the drugs
after sterilization by gamma radiation. The results of microbiological potency showed that the
antibacterial activity generally remained unaffected or slightly decreased for the three
antibiotics.
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1. INTRODUCTION
Microbial contamination of pharmaceutical preparations is a common problem which has
been reported for several medicaments,[1,2] such contaminants include bacteria, fungi, yeasts
or molds.[3] Contaminant microorganisms can adapt with least nutritional requirements and
are capable of multiplying within both bulk and finished product.[4,5] Some of these
contaminants may be pathogenic while others grow as commensals even in the presence of
preservatives

and

spoil

products.[6]

Presence

of

microbial

contaminants

cause

physicochemical changes that led to the spoilage of products and proved to be a potential
health hazard to the consumer.[7] Antibiotics were considered to be organic compounds
produced by one microorganism which are toxic to other microorganisms.[8] Although
antibiotic generally refers to antibacterial, antibiotic compounds are differentiated as
antibacterials, antifungals and antivirals to reflect the group of microorganisms they
antagonize.[8,9]
Historically the pharmaceutical industry has relied on steam, dry heat, ethylene oxide gas,
filtration and chemical processes to reach microbial reduction requirements. Nowadays,
several pharmaceuticals, raw materials and finished products are being sterilized successfully
with gamma irradiation.[10-14] Gamma radiation is the most important method for sterilization
of pharmaceuticals, due to the high ability to penetrate the sterile packaging of
pharmaceutical and cosmetic products and the fact that the final heat during the process did
not increase their traceability or ability to deliver effective and helpful for the heat-sensitive
substances in packaging materials or operations as it has a small temperature rise. Gamma
rays are also easier to control, secure, reliable and provide a fast process. The residue used
was purified gases and the process does not require post-quarantine measures and the product
obtained has no harmful effect on the environment.[15-17] The high effectiveness of drug
sterilization by gamma radiation results from the high sensitivity of all microorganisms to
these electromagnetic waves.[18,19] It must be said the increase of the dose of radiation in
order to get higher sterility assurance level (SAL) ranges may cause change in the chemical
structure of sterilized substances.[20] The use of gamma radiation as a sterilization method for
medicinal products requires accurate analyses using HPLC to check that the active ingredient
has not been modified and no toxic products have been produced.[21-23] Radiation technology
is highly recommended for the sterilization of most solid antibiotics.[17]
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2. MATERIALS AND METHODS
2.1. Antibiotics collection
A total number of 160 pharmaceutical products (antibiotic vials) were tested. The samples
comprised of (64) antibiotics of the third generation cephalosporins, (32) of the fourth
generation cephalosporins and (40) of penicillins, which represented Beta-Lactam antibiotics
family. Sixteen (16) of aminoglycosides and (8) of macrolides families. Samples were
randomly purchased from local pharmacies from different locations in Gharbia, Alexandria
and Cairo Governorates, Egypt.
2.2. Microbial load determination
First, two concentrations of each antibiotic were selected, a half gram or one gram of the
antibiotic were diluted with 4.5 ml or 9 ml respectively of sterile saline and vortex for 1 min,
and then serially diluted with sterile saline as described in the British Pharmacopoeia,[24] thus,
the sterile saline was used as a negative control.[25] Then, the viable count was determined
using the surface plate method on LB Agar (for bacteria) and Sabouraud’s dextrose agar and
PDA,[26] (for fungi). According to Abo-State,[27] the aliquot of 100μl for each sample was
directly spread on the surface of sterile LB and 100μl for Sabouraud media. In addition,
duplicate plates were used for each dilution. The inoculated plates were subsequently
incubated at 37°C for 48 hours for bacteria, and at 28 °C for 7 days for fungi. The average of
the counts was taken and number of colonies forming unit per ml (CFU/ml) was calculated.
Thus, the frequency of contamination by each group (%) = (number of contaminated samples
/ total number of samples) x100,[28,29]
2.3. Isolation of the microbial contaminants
The separated microbial colonies were isolated from the plates and sub-cultured on LB agar
or Sabouraud agar media for purification. Then, the pure separated single colony was finally
preserved for identification purpose and further use on agar slants at - 4 °C.[25]
2.4. Determination of the dose response curve
The most three predominant fungal isolates were selected to determine their dose response
curves. According to Abo-State (2003),[30] five (250) ml Erlenmeyer flasks containing 100 ml
of Sabouraud agar medium were inoculated for each fungal isolate. Then the inoculated
flasks were incubated at 28°C for 7 days, and spores were collected by adding 30 ml of sterile
saline containing 0.1% (v/v) Tween-80 for each flask. Finally, the spore suspension of each
flask was collected in a new sterile flask to form a pool as stock spore suspension. The spore
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suspensions of the fungal isolates were distributed in clean sterile screw cap test tubes; thus,
each tube contained 5 ml of spore suspension. Then, the spore suspensions of each isolate
were exposed to different doses of gamma radiation (1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0 and 8.0
kGy) from a Cobalt-60 gamma source (Indian chamber at National Centre for Radiation
Research and Technology (NCRRT), Atomic Energy Authority (AEA), Cairo, Egypt). The
dose rate was 1.0 KGy/25 min. at the time of experiment; while the control (0 kGy) was left
without irradiation. After that, two replicates were used for each dose as well as for the nonirradiated control.[27] The irradiated suspensions and the non-irradiated control were serially
diluted and inoculated on the surface of Sabouraud agar plates (surface plate technique).
Then, the plates were incubated at 28°C for 7 days before counting. After that, the count
(spore/ml) was determined; thus, the log number of survivors was plotted against the
absorbed radiation dose in kGy (the dose response curve).[27,30]
2.5. Identification of the selected fungal isolates by 18S rRNA
2.5.1. DNA extraction
DNA was extracted from the samples using the Quick-DNA™, Fungal/Bacterial Microprep
Kit (Zymo research catalog number D6007) following manufacturer’s instructions.
2.5.2. PCR amplification of fungal 18S rRNA
An aliquot (5μl) of DNA was added to a PCR reagent mix. Following this: ITS regions were
amplified in polymerase chain reaction (PCR) using the genomic DNA as template and
fungal ITS primers of ITS1 (5-CTTGGTCATTTAGAGGAAGTAA-3) and ITS4 (5TCCTCCGCTTATTGATATGC-3) to amplify an approximately 550bp of small subunit of
fungal ribosomal gene. The PCR mixture (50μl) contained 25 μl of Maxima® Hot Start PCR
Master Mix (2X) (Thermo K1051), 20μM (1 μl) of each primer, and 18μl of nuclease-free
water. The PCR was performed at thermal cycling condition with a hot starting performed at
95ºC for 10 min, followed by 35 cycles of 95ºC for 30 sec., 57ºC for 1 min, and 72ºC for 90
sec., followed by a final extension performed at 72ºC for 10 min.
PCR products were run on a 1% agarose gel electrophoresis, stained with a 10% ethidium
bromide solution and then digitally captured using a gel imaging system (Gel Doc, BioRad).The PCR products were purified using GeneJET™ PCR Purification Kit (Thermo
K0701), and then were sequenced on GATC Company by use ABI 3730xl DNA sequencer
by using forward and reverse primers.
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2.5.3. Phylogenetic analysis
Fungal ITS sequences were compared against the GenBank database using the NCBI BLAST
program. Sequences were then compared with fungal ITS sequences in the GenBank database
using BLASTN. Multiple sequence alignment was done using ClustalX 1.8 software package
(http://wwwigbmc.u-strasbg.fr/BioInfo/clustalx) and a phylogenetic tree was constructed by
the neighbor-joining method using MEGA (Version 6.1) software. The confidence level of
each branch (1,000 repeats) was tested by bootstrap analysis.
2.5.4. Determination of accession numbers
Recovered sequences were deposited in GenBank to access their numbers.
2.6. Sterilization of Antibiotics by Gamma Radiation
The three selected antibiotics (Cefotaxime, Cefoperazone and Cefepime) were exposed to
different doses of gamma irradiation (0, 10.0 and 25.0 kGy). After that, the irradiated and
non-irradiated samples were tested for organoleptic analysis, chemical and microbiological
tests.[31]
2.6.1. Organoleptic Analysis
The irradiated samples were subjected to organoleptic analysis in order to determine the
change in its color, form, odor and solubility, compared to non-irradiated sample.[32,33]
2.6.2. Measurements of pH
The measurements of the pH values for the irradiated and non-irradiated active ingredients
were performed using the pH meter (Thermo Scientific, Singapore).
2.6.3. Microbiological potency
It was carried out to measure the efficiency of irradiated antibiotics against Gram-positive
and Gram-negative bacteria. Antimicrobial activity of samples was determined by disc
diffusion method according to the standard method by CLSI, 2012.[34] The clinical
pathogenic bacterial isolates were kindly provided by Prof. Abo-State. These isolates were
two Gram-positive bacteria: (Bacillus subtilis and Staphylococcus epidermidis) and six
Gram-negative bacteria (E.coli, Citrobacter spp., Salmonella entero, Salmonella sp.,
Pseudomonas fluorescens and Pseudomonas sp.).
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2.6.4. HPLC Analysis
The analytical determination for the irradiated (10 and 25kGy) and non-irradiated antibiotics
have been determined by High Performance Liquid Chromatography (HPLC) at the Regional
Center for Food & Feed, Agricultural Research Center, Giza, Egypt. The conditions of the
experiment were as follows: the system of HPLC (Agilent technologies 1200 series), LCMS/MS 4000 Q-trap (Applied bio-systems), MDS SCIEX,LC Column (Agilent C18
150x4.6mmx5 um). In addition, the mobile phases were as follows: Mobile Phase A: (Water
+0.1% formic acid), and Mobile Phase B: (Methanol +0.1% formic acid) or (Acetonitrile +
0.1% formic acid). Finally, the separation was performed at the ambient temperature at a flow
rate of 500μl/min according to the proposed method of Waksmundzka.[35]
3. RESULTS AND DISCUSSION
3.1. Determination of the Microbial Load of the Samples
Microbial load of the samples was counted by surface plate method in the term of CFU/ml. In
general, according to the type of isolates, fungi were the most predominant isolates which
were recorded in (45) samples of (160) (n= 45/160) and single bacteria (n= 1/160) was
recorded in one sample. So total contaminated samples with bacteria and fungi were (46)
samples with a total percentage of (28.7%) where (64) isolates were fungi and one isolate was
bacteria. The level of fungal contamination in the present study was the most prevalent,
where it compromised about 28.1% followed by single bacteria in one sample with a
percentage 0.63% as shown in Table (1) and Fig. (1).
Table 1: Presentation of microbial contamination of the collected samples.
No. of samples contaminated with
No. of isolates
Total
Fungi
Total
no. of
Fungi Bacteria and
Fungi Bacteria Total
samples
No. %
Bacteria
Cefotaxime
16
4
0
0
4
25%
5
0
5
Third generation
Cefotaxime
16
3
0
0
3 18.7%
5
0
5
cephalosporins
Cefoperazone
32
12
0
0
12 37.5%
14
0
14
antibiotics
Total
64
19
0
0
19 29.7%
24
0
24
Fourth
31.2
Cefepime
32
10
0
0
10
15
0
15
generation
%
cephalosporins
Total
32
10
0
0
31.2%
15
0
15
antibiotics
Amoxicillin
24
8
1
0
9 37.5%
11
1
12
Penicillin
Ampicillin
16
5
0
0
5 31.2%
9
0
9
antibiotics
Total
40
13
1
0
14
35%
20
1
21
Aminoglycosides Streptomycin
8
3
0
0
3 37.5%
5
0
5
Group
antibiotics

of Active
ingredient
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Macrolides
antibiotics
Total

Amikacin
Total
Azithromycin
Total
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8
16
8
8
160

0
3
0
0
45

0
0
0
0
1

0
0
0
0
0

0
3
0
0
46

0%
18.7%
0%
0%
28.7%

0
5
0
0
64

0
0
0
0
1

Fig 1: Percentage of total fungal and bacterial contaminated and non-contaminated
samples out of the total number of samples.

Fig. 2: Agarose gel electrophoresis for PCR products of the amplified ITS fragments of
the selected fungal isolates. L, DNA ladder. Base pair (bp) size of two bands are shown
on 500 and 1000 bp.
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Phylogenetic tree and similarities

Fig. 3: Phylogenetic tree based on fungal ITS sequences. The evolutionary history was
inferred by using the maximum likelihood method based on the Kimura two-parameter
model. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) is shown next to the branches. Black squares
indicate the stain (MAM-F1) isolated in this study. GenBank accession numbers of
reference sequences are indicated.
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Fig. 4: Phylogenetic tree based on fungal ITS sequences. The evolutionary history was
inferred by using the maximum likelihood method based on the Kimura two-parameter
model. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) is shown next to the branches. Black squares
indicate the stain (MAM-F2) isolated in this study. GenBank accession numbers of
reference sequences are indicated.
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Fig. 5: Phylogenetic tree based on fungal ITS sequences. The evolutionary history was
inferred by using the maximum likelihood method based on the Kimura two-parameter
model. The percentage of replicate trees in which the associated taxa clustered together
in the bootstrap test (1000 replicates) is shown next to the branches. Black squares
indicate the stain (MAM-F3) isolated in this study. GenBank accession numbers of
reference sequences are indicated.
Table 2: Molecular identification based on fungal ITS sequencing data of the isolated
strains.
Isolate code

Isolate
identification

MAM-F1

Aspergillus niger

MAM-F2

Aspergillus flavus

MAM-F3

Penicillium
rubens

www.wjpps.com

Closest related
sequence
(Similarity %)
Aspergillus niger
strain:
C3F
(100%)
Aspergillus flavus
isolate
NRRL
26010 (100%)
Penicillium
rubens
isolate DTO313B7 (69%)
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accession
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Figure 6(a).

Figure 6(b).
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Figure 6(c)
Fig. 6: Dose response curve of a) MAM-F1, b) MAM-F2 and c) MAM-F3.
Table 3: pH change of cefotaxime, cefoperazone and cefepime.
pH values
Active ingredient name
Dose (KGy)
0
10
20
Cefotaxime
5.35 0.01 5.45 0.006 5.46 0.01
Cefoperazone
4.27 0.006 4.31 0.006 4.33 0.006
Cefepime
4.72 0.01 4.90 0.01 4.92 0.006

www.wjpps.com

Vol 8, Issue 1, 2019.

332

Mervat et al.

www.wjpps.com

World Journal of Pharmacy and Pharmaceutical Sciences

Vol 8, Issue 1, 2019.

333

Mervat et al.

World Journal of Pharmacy and Pharmaceutical Sciences

Fig. 7: HPLC chromatogram of Cefotaxime for control and after radiosterilization (10
and 25 KGy).
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Fig. 8: HPLC chromatogram of Cefoperazone for control and after radiosterilization
(10 and 25 KGy).
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Fig. (9): HPLC chromatogram of Cefepime for control and after radiosterilization (10
and 25 KGy).

Figure 10(a).
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Figure 10(b).

Figure 10(c).
Fig. 10: change in diameter of inhibition zone of a) cefotaxime, b) cefoperazone and c)
cefepime at 0, 10 and 25 KGy.
Higher fungal contamination and low bacterial contamination may be related to the nature of
the samples, where they are antibiotics having generally antibacterial activity and ability of
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fungi to withdraw low humidity. Gad,[28] found that spoilage of the solid raw material itself
by mold growth on the surface is due to improper storage with inadequate coverings in a
damp environment or under conditions of fluctuating temperature. In the present study mixed
growth was observed where a combination of different fungi were isolated from one sample,
this is agree with Akerele and Ukoh,[36] who mentioned that spoilage of medicines involved
basically, initial or early pioneer invaders of biodegrading microorganisms, whose microbial
by products prepare the way for later invaders, by degrading complex nutrients, altering the
surrounding pH and making more moisture available, thus creating a more favorable
condition for growth of other kinds of microorganisms.
In another study, Mugoyela and Mwambete,[25] found heavy microbial contamination in 50 %
of tested pharmaceutical products. Klebsiella, Bacillus spp. and Candida spp. were the
predominant contaminants. Poor handling of the pharmaceutical produts during dispensing or
repackaging might have contributed to the observed high rate of microbial contamination.
Also, Hashem et al.,[37] showed that the majority of the initial unirradiated tested compounds
(amoxicillin and cefaclor) antibiotics had a slight degree contamination with Bacillus,
Micrococcus genera, and fungi. These results are in accordance with Marciniec et al.[38] who
found that somepenicillins and their salts, gentamycin and neomycin, had been contaminated
to a slight degree by bacteria from genera Bacillus and Micrococcus and fungi.
Also, Abo-State et al.[14] investigated microbial contamination of one hundred samples of
cephalosporins and aminoglycosides antibiotics and found that, according to the type of
isolates, fungi were the predominant isolates, which contaminated thirty-nine samples of one
hundred with a percentage of (39.0%), and bacteria was next to fungi, as they contaminated
(6) samples of one hundred with a percentage of (6.0%); in addition, a mixed growth of both
bacteria and fungi was observed in one sample only with a percentage of (1.0%) with finally
contamination percentage 46.0% of the total samples.
3.2. Identification of fungal isolates
Fig. (2) showed agarose gel electrophoresis for PCR products of the amplified ITS fragments
of the selected fungal isolates. Fungal ITS sequences were compared against the GenBank
database using the NCBI / BLAST program. Sequences were then compared with fungal ITS
sequences in the GenBank database using BLASTN. The confidence level of each branch
(1,000 repeats) was tested by bootstrap analysis and phylogenetic tree of MAM- F1, MAMF2 and MAM-F3 were designed as shown in Fig. (3-5). The result of identification of the
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three fungal isolates revealed that isolate MAM-F1 was Aspergillus niger with accession No.
(MH828249) with 100% similarity with Aspergillus niger (JX 556221) and Aspergillus niger
C3F (LC195003) as in Fig. (3). While MAM-F2 was identified as Aspergillus flavus with
accession No. (MH828250) with 100% similarity with Aspergillus flavus strain 1-3
(KT329250) and Aspergillus bombycis NRRL 26010 (NR131261) as in Fig. (4). The result of
identification of the MAM-F3 revealed that it was Penicillium rubens with accession No.
(MH828251) with 69% similarity with Penicillium rubens ATF 39(MF770740) and
Penicillium rubens DT 0313-B7 (MF803950) as in Fig. (5). These results were summarized
in Table (2).
3.3. Effect of gamma radiation on the isolated microorganisms
The most prevalent fungal isolates were chosen to investigate the effect of gamma radiation
as a sterilizing agent. Lethal dose and sublethal dose were determined then D10 value was
calculated as shown in Figures (6 a,b,c). The D10 can be measuredgraphically from the
survival curve; the slope of the curve (mostly a straight line) is related to the D10 value. The
most sensitive fungal isolate was MAM-F1, while the most resistant fungal isolate was
MAM-F2. In the present study, for two isolates, the results revealed that 7.0 kGy reduced the
viable count of MAM-F2 by 7.6 log cycles and MAM-F3 by 7.95 log cycles. And 6.0 kGy
reduced the viable count of MAM-F1 by 8.2 log cycles. So, this study revealed that a dose of
7.0 kGy could reduce three fungal growths which isolated from the tested drugs completely.
The relative sensitivity or resistance of different microorganisms to ionizing radiation is
based on their respective D10 value. D10 value is the ionizing radiation dose required to
reduce the population by a 10 fold (by one log cycle, 1-log10) or required to kill 90% of total
viable number of microorganisms. Lower D10 values indicate greater sensitivity of the
organism to ionizing radiation.[39-42] With certain microorganisms, a 'shoulder' may appear in
the low dose range before the linear slope starts. This shoulder' may be explained by multiple
targets and/or certain repair processes being operative at low doses.[43] D10 value of the
MAM-F1, MAM-F2 and MAM-F3 after exposure to gamma radiation was 0.731, 0.921 and
0.880 kGy respectively. Also, Abo State et al.[14] studied the effect of gamma irradiation on
six fungal isolates and the results revealed that 6.0 kGy reduced the viable count of MAMF97 by 6.27 log cycles and MAM-F109 by 6.30 log cycles. However 4.0 kGy reduced the
viable count of MAM-F48 by 3.58 log cycles and MAM-F77 by 2.64 log cycles. For MAMF15, 5.0 kGy reduced the viable count by 4.48 log cycles and 8.0 kGy prevent the viable
count of MAM-F73.
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3.4. Sterilization of antibiotics by gamma radiation
3.4.1. Organoleptic properties
After radiation, no changes or slightly changes were observed in their odor, clarity, solubility
in water and their forms. All substances were white and/or pale yellow powders before
gamma irradiation. However, there were mild changes in their colors. Yellowing was more
intense with increasing the dose of irradiation.
3.4.2. Measurement of pH values
Values of pH of active ingredients of antibiotics before and after irradiation showed slight
changes as recorded in Table (3). The finding of this study was similar to Özer et al.[32] who
studied the changing of pH values of raw materials of diclofenacsodium (DFNa) and
phospholipids and surfactants after irradiation at four different dose levels 5, 10, 25 and 50
KGy and reported that no significant change was found for all samples after irradiation with
different radiation doses.
3.4.3. Evaluation of antibacterial activity
The results of microbiological potency showed slightly decrease in the antibacterial activity
for the three active ingredients (cefotaxime, cefoperazone and cefepime) Figure (10 a,b,c).
Singh et al.[45] demonstrated that irradiation did not produce any change in the antimicrobial
activity of both GFX and NFX towards two Gram positive bacteria: Staphylococcus aureus
and Enterococcus faecalis; and two Gram negative bacteria: Escherichia coli and
Pseudomonas aeruginosa. Also, Singh et al.[44] indicated that the microbiological potency
against Escherichia coli and Staphylococcus aureus remained unaffected for cefdinir at 25
kGy. The microbiological potency of cefixime against both microorganisms decreased at 25
kGy. Another study by Salem et al.[17] showed the effect of ionizing radiation on
clarithromycin (CLA) powder at 2, 5 and 25 kGy. The antimicrobial assays revealed that the
activity of irradiated clarithromycin at 2 and 5 kGy did not reduced. However, at 25 kGy, the
antimicrobial activity of CLA was significantly reduced. In another study, chemical stability
of the antibacterial activity of cefozopran hydrochloride irradiated with a dose of 25 kGy was
unaltered for Gram-positive bacteria but changed for two Gram-negative strains.[46] Also, the
antibacterial activity of cefpirome sulfate for two Gram-positive and three Gram-negative
strains was changed at dose 25 KGy.[47]
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3.4.4. HPLC Analysis
There were no degradation products detected for the three antibiotics (cefotaxime,
cefoperazone and cefepime) at the doses (10 and 25 KGy), which indicated the stability of the
drugs for sterilization by gamma radiation as shown in Figures (7, 8 and 9).
Also, Amoxicillin, Amikacin sulphate, Ceftazidime and Cefotaximeime antibiotics were
stable and showed no degradation products by HPLC after gamma-irradiation at dose 25 KGy
(Abo-State

et

al).[14]

Varshney

and

Dodke,[18]

studied

two

anticancer

drugs,

cyclophosphamide (CPH) and doxorubicin hydrochloride (DOXO), in powder form. CPH
undergoes less than 2% degradation at 30 kGy. DOXO was observed to be quite radiation
resistant and did not undergo significant changes in its physicochemical properties and
degradation product profile. Salem et al.[17] studied the effect of ionizing radiation on
clarithromycin (CLA) powder commercially named Zeclar®. The analysis by HPLC
confirmed the stability of Zeclar® potency at 2, 5 and 25 kGy and no degradation products
were observed. Singh et al.[44] determined the chemical potency of two cephalosporin drugs
by the HPLC method. The content loss for cefdinir at 25 kGy dose was 4–5%. The content
loss for cefixime at 25 kGy dose is 8–9%. Cefdinir has acceptable radiostability, but cefixime
is found to be radiosensitive. Although, the lactam ring is susceptible to degradation under
thermal, chemical and photochemical stresses, it does not show equivalent sensitivity towards
high energy ionizing radiation, as indicated by the nature of radiolytic related impurities and
their concentrations. Also, Singh et al.[45] studied HPLC content assay and demonstrated that
loss of content for the samples irradiated at 25 kGy was less than 1% for norfloxacin (NFX)
and 2% for gatifloxacin (GFX). So, the results of both confirmed the radiation resistant nature
of GFX and NFX, as the percentage loss of content is not significant at 25 kGy dose, and is
within the US pharmacopoeia limit. Another study, Hashem et al.[37] applied γ irradiation at
25 kGy on amoxicillin and cefoclar antibiotics and analytical tests results proved that those
antibiotics were found to be radioresistant and can be sterilized by gamma-irradiation with a
dose of 25kGy, without any detrimental effect on their properties and antibacterial activity.
Cefozopran hydrochloride in solid state is not resistant to radiation sterilization and this
method cannot be used for sterilization of this compound according to Zalewski et al.[46]
Results of Zalewski et al.[47] concluded that cefpirome in solid state is resistant to ionizing
radiation (E-beam) in a standard sterilization 13 dose of 25 kGy.
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Although drugs such as antibiotics can attack and destroy bacteria within the human body,
they are not self-sterilizing. Pharmaceuticals, and/or their associated adjuvants (materials
used to aid the delivery of drugs) can resort bacteria, either from a primary source of origin or
introduced during the production process. Their sterilization can present a problem since
many such substances react with ethylene oxide to produce toxic chemicals and are unstable
to heat. The alternative to manufacture in a sterile environment is expensive. Radiation,
therefore, has long offered an imaginative alternative, and it was initially pursued
indiscriminately.[48]
CONCLUSIONS


Fungi were the most predominant isolates contaminated the solid antibiotics tested (28.7
%).



The dose 6.0 KGy reduced the viable counts of isolates MAM-F1 completely, while 7.0
KGy reduced the viable counts of isolates MAM-F2 and MAM-F3 completely.



The three fungal isolates were identified by 18S rRNA as Aspergillus niger with
accession number MH 828249, Aspergillus flavus with accession number MH 828250
and Penicillium rubens with accession number MH 828251.



Gamma radiation can be used as a safe technology for sterilization of cefotaximeime,
cefoperazone and cefepime antibiotics at the sterilization dose 25 KGy (sterility assurance
level).

RECOMMENDATION
The three antibiotics can be sterilized by gamma radiation technology efficiently.
ACKNOWLEDGEMENT
Great thanks to lab. No. 11, Microbiology Dept., the National Center for Radiation Research
and Technology (NCRRT), Egyptian Atomic Energy Authority (EAEA).
REFERENCES
1. Na’was TE, Salem MS, N AH. Microbial contamination and preservation efficacy of
cough preparations. J. Clin. Pharm. Ther, 1990; 15: 365-369.
2. El-Houssieny RS, Aboulwafa MM, Elkhatib WF, Hassouna NA. Recovery and Detection
of Microbial Contaminants in Some Non-Sterile Pharmaceutical Products. Arch. Clin.
Microbiol, 2013; 4(6): 1-14.

www.wjpps.com

Vol 8, Issue 1, 2019.

343

Mervat et al.

World Journal of Pharmacy and Pharmaceutical Sciences

3. Razvi N, Awan R, Naqvi BS, Anjum F. Estimation of microbial contamination in various
active pharmaceutical ingredients and excipients. World J. Pharm. Sci, 2014; 3(6):
1771-1777.
4. Hodges NA. Pharmacopoeial methods for the detection of specified micro-organisms. In:
Baird RM, Hodges NA, Denyer SP, editors. Handbook of microbiological quality control:
pharmaceuticals and medical devices. London: Taylor & Francis, 2000; 86–106.
5. Noor R, Zerin N, Das KK. Microbiological quality of pharmaceutical products in
Bangladesh: current research perspective. Asian Pac. J. Trop. Dis, 2015; 5(4): 264- 270.
6. Clontz L. Microbial limit and bioburden tests: validation approaches and global
requirements. 2nd ed. Florida: CRC Press, Taylor and Francis Group, 2008.
7. Mathia E. Pharmaceutical product cross-contamination: industrial and clinical pharmacy
practice. Dar Es Salaam Med. Stud. J. (DMSJ), 2012; 19(2): 17-19.
8. Russell AD. Types of antibiotics and synthetic antimicrobial agents. In: Denyer S. P.,
Hodges N. A. & German S. P. (Eds.) Hugo and Russell‟s pharmaceutical microbiology.
7th Ed. Blackwell Science, UK, 2004; 152-186.
9. Brooks G F, Butel JS Morse SA. Jawetz, Melnick and Adelberg‟s Medical Microbiology,
23rd Edition. McGraw Hill Companies, Singapore, 2004.
10. Gennaro A, Marderosian A, Hanson G, Medwick T, Popovich N, Schaare R, Schwartz J,
White S. In: Remington—The Science and Practice of Pharmacy, 20th ed. Lippincott
Williams & Wilkins, Baltimore, USA, 2000.
11. Anonymous. General chapters. In: Infarmed 7th ed., Portuguese Pharmacopeia, 2002.
12. European Pharmacopoeia. 6th Ed. Coucil of Europe, Strasbourg, 2009.
13. U.S. Pharmacopeial Convention. Bioburden control of non-sterile drug substances and
products in United States Pharmacopeia. Rockville: USP 39 (4) In-Process Revision, U.S.
Pharmacopeial Convention, 2013.
14. Abo-State AM, Husseiny SHM, Ahmed HA, Moawad A. The Effect of Gamma Radiation
on Cephalosporin and Amino glycosides Antibiotics. J. Rad. Nucl. Appl, 2017; 2(3);
75-85.
15. Reid BD. Gamma processing technology: An alternative technology for terminal
sterilization of parenterals. PDA J. Pharm. Sci. Tech, 1995; 9: 83-89.
16. Zulli G, Lopes PS, Velasco MVR, Aclantara MTS, Rgero SO, Lugao AB Mathor MB.
Influence of gamma radiation onto polymeric matrix with papain. Rad. Phys. Chem,
2010; 79: 286-288.

www.wjpps.com

Vol 8, Issue 1, 2019.

344

Mervat et al.

World Journal of Pharmacy and Pharmaceutical Sciences

17. Salem IB, Mezni M, Khamassi MA, Lagha A, Hosni F, Saidi M, Sghaier H. Influence of
ionizing radiation on the stability of clarithromycin antibiotics. Rad. Phys. Chem, 2018;
145: 143-147.
18. Varshney L, Dodke PB. Radiation effect studies on anticancer drugs, cyclophosphamide
and doxorubicin for radiation sterilization. Rad. Phys. Chem, 2004; 71: 1103–1111.
19. Wilczyński S. Radiosensitivity of microorganisms. Scient. Rev. Pharm, 2009; 5(52):
43–46.
20. Katušin-Razem B, Hamitouche K, Maltar-Strmecˇki N. Radiation sterilization of
ketoprofen. Rad. Phys. Chem, 2005; 73, 111–116.
21. Yoshioka S, As Y, Kojima S. Drug release from poly (DL-lactide) microspheres
controlled by γ-irradiation. J. Control. Release, 1995; 37: 263-267.
22. Calis S, Bozdag S, Kas HS, Tuncay M, Hincal AA. Influence of irradiation sterilization
on poly (lactide-co-glycolide) microspheres containing anti-inflammatory drugs.
Farmaco, 2002; 57: 55-62.
23. Bartolotta A, Doca MC, Campisi M, De Caro V, Giandalia G, Giannola L, Brai M,
Calderaro

E.

Effect

of

gamma

irradiation

on

trehalose-hydroxyethylcellulose

microspheres loaded with vancomycin. Eur. J. Pharm. Biopharm, 2005; 59: 139-146.
24. British Pharmacopoeia. Vol. I Appendix XVI BA, 1993; 195 – 200.
25. Mugoyela V, Mwambete KD. Microbial contamination of nonsterile pharmaceuticals in
public hospital settings. Therapeutics and Clinical Risk Management, Dove press journal,
2010; 6: 443–448.
26. Oxoid. The Oxoid Manual of Culture Media, Ingredients and Other Laboratory Services,
Oxoid Limited, Wade Road, Basingstoke, Hampshire RG24OPW, UK., 2006.
27. Abo-State MAM, Husseiny SHM, Helimish FA, Zickry ARA. Contamination of eye
drops with Bacillus species and evaluation of their virulence factors. World AppI. Sci. J,
2012; 19(6): 847-855.
28. Gad GFM, Aly RAI, Ashour MSE. Microbial evaluation of some non-sterile
pharmaceutical preparations commonly used in the Egyptian market. Trop. J. Pharm. Res,
2011; 10(4): 437-445.
29. Behravan J, bazzaz BSF, Malaekeh P. Survey of bacteriological contamination of
cosmetic creams in Iran (2000). Inter. J. Dermatol, 2005; 44: 482-485.
30. Abo-State MAM. Production of Carboxymethyl Cellulase by Fusarium oxysporium and
Fusarium neoceros from Gamma-Pretreated Lignocellulosic Wastes. Egypt. J.
Biotechnol, 2003; 15: 151-168.
www.wjpps.com

Vol 8, Issue 1, 2019.

345

Mervat et al.

World Journal of Pharmacy and Pharmaceutical Sciences

31. Al-Abdalall AHA. Inhibitory effect of gamma radiation in degrading and preventing
fungal toxins. J. Food, Agri. Environ, 2014; 12(3&4): 77-81.
32. Özer AY, Turker S, Çolak S, Korkmaz M, KiliÇ E, Özalp M. The effects of gamma
irradiation on diclofenac sodium, liposome and noisome ingredients for rheumatoid
arthritis. Interv. Med. AppI. Sci, 2013; 5(3): 122-130.
33. Marciniec B, Stawny M, Kozak M, Naskrent M. The influence of radiation sterilization
on thiamphenicol, Spectrochim. Acta Mol. Biomol. Spectrosc. Part A, 2008; 69(3):
865–870.
34. CLSI (Clinical and Laboratory Standards Institute). Perfaormance standards for
antimicrobial susceptibility testing; Twenty-second Informational Supplement. CLSI
document M100- S22. Wayne, P.A. (Ed.): Clinical and Laboratory Standards Institute
(CLSI), 2012.
35. Waksmundzka M, Oniszczuk A, Szewczyk K, Wianowska D. Effect of sample
preparation methods on the HPLC quantitation of some phenolic acids in plant materials.
Acta Chromatographica, 2007; 19: 227-237.
36. Akerele JO, Ukoh GC. Aspects of microbial contamination of tablets dispensed in
hospitals and community pharmacies in Benin City, Nigeria. Trop. J. Pharm. Res, 2002;
1(1): 23-28.
37. Hashem AM, Elhifnawi HN, Farag SS. Sterility and radiostability of amoxicillin and
cefaclor antibiotics sterilized by gamma irradiation. Br. J. Pharm. Res, 2014; 4(17):
2014-2067.
38. Marciniec B, Plotkowiak Z, Wachowski L, Kozak M, Popielarz-Brzeziñska M. Analytical
study of βeta irradiated antibiotics in the solid state. J. Therm. Anal. Calorim, 2002; 68:
423–436.
39. Niemira BA, Kelly A, Lonczynski KA, sommers CH. Radiation sensitivity of Salmonella
isolates relative to resistance to ampicillin, chloramphenicol, or gentamicin. Radiat. Phy.
Chem, 2006; 75: 1080-1086.
40. Mohan A, Pohlman FW, Hunt MC. Inactivation of E.coli cells at low dose rates of
gamma radiation. Arkansas Animal Science Dept. Report, 2011; 120-123.
41. Ezzat SM, Abo-State MA, Mahdy HM, Abl El-Shakour EH, El-Bahnasawy MA. The
effect of ionizing radiation on multi-drug resistant Pseudomonas aeruginosa isolated
from aquatic environments in Egypt Br. Microbiol. Res. J, 2014; 4(8): 856-868.

www.wjpps.com

Vol 8, Issue 1, 2019.

346

Mervat et al.

World Journal of Pharmacy and Pharmaceutical Sciences

42. Kortei NK, Odamtten GT, Obodai M, Appiah V, Wiafe-Kwagyan M. Evaluating the
effect of gamma irradiation and steam sterilization on the survival and growth of
composted sawdust fungi in Ghana. Br. Microbiol. Res. J. (BMRJ), 2015; 7(4): 180-192.
43. Aquino KS. Sterilization by gamma irradiation. In: Gamma-Radiation. Prof. Adrovic,
F.(Ed.),

http://www.intechopen.com./books/gammaradiation/

sterilization-by-gamma-

irradiation, 2012.
44. Singh BK, Parwate DV, Das Sarma IB, Shukla SK. Study on gamma and electron beam
sterilization of third generation cephalosporins cefdinir and cefixime in solid state. Rad.
Phys. Chem, 2010; 79: 1079–1087.
45. Singh BK, Parwate DV, Das Sarma IB, Shukla SK. Radiation sterilization of
fluoroquinolones in solid state: Investigation of effect of gamma radiation and electron
beam. Applied Radiation and Isotopes, 2010; 68: 1627–1635.
46. Zalewskia P, Skibińskib R, Szymanowska-Powałowskac D, Piotrowskad H, Bednarskie
W, Cielecka-Pionteka J. Radiolytic studies of cefozopran hydrochloride in the solid state.
Electronic Journal of Biotechnology, 2017; 25: 28-32.
47. Zalewskia P, Skibińskib R, Szymanowska-Powałowskac D, Piotrowskad H, Bednarskie
W, Cielecka-Pionteka J. The radiolytic studies of cefpirome sulfate in the solid state.
Journal of Pharmaceutical and Biomedical Analysis, 2016; 25: 410-416.
48. Phillips GO. Radiation technology in surgery and the pharmaceutical industry: An
overview of applications, 1994.

www.wjpps.com

Vol 8, Issue 1, 2019.

347

