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Abstract
Klebsiella species causes nosocomial infections and other diseases. The use of Ciprofloxacin formulations has been
adopted for skin and systemic infections, hence Irvingia gabonensis a specie of African trees in the genus Irvingia,
was used for the microencapsulation of ciprofloxacin and used against sequenced disease causing Klebsiella species.
Adopting the non-solvent addition of microencapsulation, drug-excipient compatibility test, batches of encapsulated
ciprofloxacin + Irvinga gabonenesis, gelatin gum with the pure active ciprofloxacin were prepared from formula X.
The FT-IR absorbance at different wavelength was recorded. The resultant microncapsulated drugs were screened for
antimicrobial activity using the single disc agar diffusion against K. quasipneumoniae, K. aerogenes, and K.
pneumoniae isolates. There were no difference in wavelength of FT-IR spectra of Irvinga gabonensis, pure active
ciprofloxacin, and ciprofloxacin blend+Irvinga gabonensis gum. The pure active ciprofloxacin was very effective at
the concentration of 8.3ug/mL(I1Cs0:1.02ug/ml) and 4.15(1Cs0:0.08ug/ml) against all the Klebsiella species. The
ciprofloxacin + Irvinga gabonenesis at 7.12 pg/mL (1Cs0:0.90pg/mL) had significant zone of inhibition when
compared to the pure active ciprofloxacin drug alone (ICs0:0.80ug/mL) at a concentration of 4.12ug/ml active
ciprofloxacin. Based on the 95% mean inhibition concentration, ciprofloxacin + Irvinga gabonenesis gum
(1Cs50:0.90pug/mL) is a better excipient than ciprofloxacin + Gelatin gum (1Csq:1.38ug/mL). Ciprofloxacin + Irvinga
gabonensis gum exerts effective antimicrobial activities and compactibility in terms of effective drug release.
Keywords: Antimicrobial; Irvinga gabonensis, Ciprofloxacin, microencapsulation, sequencing

Introduction

Klebsiella pneumoniae is one of the organisms that causes nosocomial infections and other diseases
including infection of the urinary tract, respiratory system, wounds and the blood stream (Struve, and
Krogfelt,2004; VVaron and Alangaden,2004). Klebsiella pneumoniae is a rare cause of community-acquired
pneumonia but accounts for a higher proportion of pneumonia acquired in hospitals (Bryan
and Nicholson,2011), where patients are more likely to be treated with antibiotics which has led to this
bacterium dominating the pharyngeal flora (Bryan and Nicholson,2011). K. pneumoniae inhabits
several cavities, more especially the oral cavity of those with poor dental hygiene, which leads to increase
in the risk of contracting Klebsiella pneumonia infections (Bryan and Nicholson,2011).The emergence of
multidrug-resistant species of K. pneumoniae has increased recently in the world, according to Pakzad, et
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al.,(2013), and Klebsiella spp. have been found to harbor AcrAB efflux system as one of the principal
mechanism which is responsible for the resistance to fluoroquinolones (Pakzad, et al.,2013). Based on this
facts there has been difficulty in the treatment of patients infected with multidrug resistant strains (MDR)
of K. pneumoniae by using antimicrobial agents which has caused a shift in the mechanism of
fluoroquinolone functions as regards to usage, especially the ciprofloxacin according to Pakzad, et
al.,(2013).

Ciprofloxacin is the most frequently prescribed fluoroquinolone for urinary tract infections and pneumonia,
because of its availability in oral (tablet and suspension) and intravenous formulations (Malelel et.
al.,2014). It is a second-generation fluoroquinolone that has spawned many derivative antibiotics (Zhang,
et al., 2018). This drug has been formulated for immediate use as release tablets, oral suspensions, and
intravenous injections, which is intended for use or indicated for the treatment of lower respiratory tract
infections including acute exacerbations of chronic bronchitis, urinary tract infections, complicated urinary
tract infections in pediatrics, complicated pyelonephritis in pediatrics, and acute sinusitis (Varshney, et.
al.,2014). Generally, ciprofloxacin is well known drug used against reference bacterial strains like those
employed in this study. Though resistance to fluoroguinolones has recently increased among bacterial
strains isolated from outpatients in several hospitals (Pakzad, et al.,2013), it has not been clearly proven in
this part of Nigeria, where a plant material like Irvingia gabonensis gum is microencapsulated with
ciprofloxacin and dissolved into solution.

Micro-encapsulation has been described as the study of tiny particles or droplets which are surrounded by
a coating to give small capsules (Jyothi, et.al.,2012). Also, it can be simply put as a microcapsule in a small
sphere with a uniform wall around it, while the material inside the microcapsule is known as the core,
internal phase, or fill, whereas the wall is sometimes called a shell, coating, or membrane (Jyothi, et.al.,
2012).

Seeds and legumes grown in the world today have shown prominent features in dietary supplement and
medical use in man especially those grown in Nigeria like Irvingia gabonensis seeds (Bamidele, et.al.,
(2015). These facts have been established in the works of Bamidele, et.al., (2015), who reported that
developing countries where oilseeds are becoming valuable sources of nutrient and diet for man are plant
based, these has constantly shown that ignorance of their food value has resulted in their wastage in terms
of economic returns or postharvest losses (Bamidele, et.al., 2015). Irvingiacea specie known as the dika
tree is very valuable for its edible yellow mango-like fruit and termite-resistant wood have been found to
be of two common species, and the most edible one is known as Irvingia gabonenesis which has a sweet
edible pulp (Bamidele, et.al., 2015).

Based on the plant benefits and the safety profile of Irvingia gabonenesis seed, it has been used for the
preparation of dika bread or Gabon chocolate (Lowe, 2000). The kernel is a source of vegetable oil
(Lowe,2000). The nut has been implicated for medicinal uses (Atangana, et al.,2001). The medicinal uses
of Irvingia spp. are many, but it is difficult to assign them to individual species. Therefore, in this study,
the antimicrobial evaluation of microencapsulated ciprofloxacin + Irvinga gabonensis gum was
investigated on Klebsiella species isolated from the Medical Microbiology Laboratories of Igbinedion
University Teaching Hospital, okada.

2.0 Methods and Techniques

2.1 Clinical Isolates used for the Study

Human clinical isolates of Klepsiella spp were obtained from Medical Microbiology Laboratory of
Igbinedion University Teaching Hospital (IUTH) Okada between February, 2019 and June, 2019. The
isolates collected were then taken to the Pharmaceutical Microbiology Laboratory for further biochemical
test accordingly as described by Cheesbrough (2006) and Onyenwe, et al (2011). Further molecular
verification of the isolates was also carried out to identify the organisms(isolates).
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2.2 Chemical and biological materials
All samples of ciprofloxacin powder were obtained from Dizpharm Pharmaceutical company, Vardhaman
Health care, Ahmedabad India. A positive control of standard antibiotic discs were used for the study.

2.3 Molecular Identification

DNA extraction, 16S rRNA Amplification and Sequencing

The 16s rRNA region of the rRNA gene of the isolates were amplified using the 27F: 5'-
AGAGTTTGATCMTGGCTCAG-3' and 1492R: 5'-CGGTTACCTTGTTACGACTT-3' primers on a ABI
9700 Applied Biosystems thermal cycler at a final volume of 40 microlitres for 35 cycles. Sequencing
analysis were established using the BigDye Terminator kit on a 3510 ABI sequencer by Ingaba
Biotechnological, Pretoria South Africa. The evolutionary distances were computed as described by Jukes
and Cantor (1969).

2.4 Antibiotic Sensitivity test, IC50 and IC 95% mean Inhibitions

The screening for antimicrobial activity was carried out by the single disc agar diffusion method as
described in Onyenwe, et al., (2011), and then the zones of growth inhibition were determined as described
by CLSI, (2011). In another separate experiment, impregnated paper disc with standard ciprofloxacine +
gelatine gum was used instead of the test antibiotic disc as control. The 1C50 was calculated using

50% of Maximal inhibition = Max inhibition — 50% x (max inhibition — min inhibition)

IC50 = Concentration at which inhibition = 50% of maximal inhibition.

The graph of Log concentrations was plotted against 1C95% mean inhibitions

2.5 Extraction of Irvinga Gabonensis Gum

The method of Ogaji et al (2012) was used in extracting gum from Irvinga Gabonensis seed, using
100 g of Irvinga Gabonensis seed. The prepared mixture was left to stand for 24 hr. After final
processing following the method of Ogaji et al (2012). The clear supernatant gum was dried in a
hot air oven and stored.

2.6 Evaluation of Pharmaceutical Compatibility of Irvinga Gabonensis Gum with Ciprofloxacin Drug
Active

The method for drug -excipient compatibility test of Nnamani and Kashimawo (2020), was adopted. Using
2mg samples of ciprofloxacin drug active, Irvinga gabonenesis gum, and a 1:1 solid dispersion blend of
ciprofloxacin -Irvinga gabonensis gum were weighed separately. A 200mg potassium bromide (KBr) was
titrated with each of the sample to produce 1% solid dispersion in KBr mixtures as described by Nnamani
and Kashimawo, (2020). An 80mg pellet was produced for each sample by feeding 80mg of the prepared
samples into a 13mm diameter pellet-forming die and compressing by a press-gauge at 8 tons (Nnamani
and Kashimawo ,2020). A plain KNr pellet was first used to standardize the background for
spectrophotometric reading. Then the FT-IR absorbance, at different wavelength of the different sample
pellets were taken, using a Schmadzu FTIR-8400S Fourier transmission Infra-red Spectrophotometer
(Nnamani and Kashimawo,2020),. The FT-IR readings were obtained and analysed adequately.

2.7 Method of Microencapsulating Ciprofloxacin

The non-solvent addition method of microencapsulation was adopted (SeemanchalaRath and
NripendraNath , 2012), and different batches of encapsulated ciprofloxacin from formula X was prepared
aseptically.

3.0 Results

The Formula X for Microencapsulating Ciprofloxacin and the excipients were as shown in Table I, while
the result of the susceptibility pattern of the microencapsulation of the drug ciprofloxacin and the various
combinations of excipients were as shown in Table 2, respectively. The analysis of Irvinga gabonensis
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gum, ciprofloxacin, and ciprofloxacin blend- irvinga gabonensis gum FT-IR spectra were as shown Figure
3.1,3.2 and 3.3.

Also the analysis of the results of the Pharmaceutical compatibility of the drug Design and Antimicrobial
Evaluation of microencapsulated ciprofloxacin active drug in Irvinga gabonensis gum, Gum Arabic (AM7),
Gelatin (BM7)( controls) and Irvinga gabonensis (CO7) gum against the sequenced species of Klebsiella
quasipneumonia, Klebsiella Pneumonia and Klebsiella aerogenes isolated from Igbinedion University
Teaching Hospital Okada, were as shown below. in figure 3.4, 3.5, 3.6 and 3.7 respectively. The seed of
Irvirgia gabenensis used for the gum or excipients were as shown in fig 3.8. Also, Fig.3.9,3.10,3.11 (shows
log. concentrations of active ciprofloxacin against IC95% mean inhibition), fig.3.12,3.13,3.14 (shows the
log. concentrations of active ciprofloxacin + Irvinga gabonensis against 1C95% mean inhibition), and
Fig.3.15,3.16,3.17(log. concentrations of active ciprofloxacin + Gelatine gum used as control; against
IC95% mean inhibition) and ciprofloxacin + Arabic gum (Fig.3.18, 3.19 and 3.20) as control,, against all
the different species of the isolates tested.

Table I: Formula X for Microencapsulating Ciprofloxacin

Functions Materials AM7 BM7 Co7
Drug active Ciprofloxacin 2.0g 2.0g 2.0g
Wall materials Maltodextrin 0.7g9 0.79 0.79

Irvingia gabonensis gum - - 0.3
Anti-aggregating agent ~ Sodium carboxymethyl cellulose 0.59 0.59 0.59
Total 3.29 3.29 3.29

Table II: The susceptibility test of the active drugs and gums at various concentrations against
selected bacterial isolates showing the IC50 and mean inhibition at 95%

concentration log mean mean mean mean mean mean 50% of 1C50
of drug Conc. inhibition of inhibition of inhibition af inhibition af inhibition of inhibition of maximal
ciprofloxacin Kauasipnen  BKauwasipnen  Kaerogenss  Kaerogengs  Kopweumeoniace  Kpnguwmoni  inihibition
{ug/mi) maniae maoniae, ag
(100%) (95%) (100%) (95%) (100%) (95%)
16.6 1.22 44.66 42.43 44.67 42.43 50.33 47.81 37.840 0.89
8.12 0.91 39.33 37.37 39.67 37.68 45.33 43.07 39.265 1.02
4.12 0.61 35.00 33.25 38.00 36.10 34.67 32.93 40.370 0.80
concentration
of drug
ciprofioxacin+
lL.gabonensis
{ng/mL)
292 1.47 42.33 40.22 35.33 33.57 19.67 18.68 41.325 1.38
14.5 1.16 45.00 42.75 39.67 37.68 19.00 18.05 36.735 1.22
7.2 0.86 44.67 42.43 42.00 39.90 24.67 23.43 20.740 0.90
CONTROL 1
concentration log mean mean mean Hean mean mean 30% of IC50
of drug Conc.  inhibition of  inhibition of  inhibition of  inhibition of  inhibition  inhibition of maximal
gelatin + Kauasipnen  Kauasipnen  Kaerogenes  Kaerogenes of Kpneumoni  inihibition
ciprofoxacin monige. monige. Kpneumo e
(BM7) (100%) (95%) (100%) (95%) Hige, (95%)
(ug/ml)
(100%)
29.2 147 47.66 4522 44 67 4243 19.67 17.10 43825 1.32
14.5 1.16 45.00 42.75 45.00 42.75 14.67 13.93 40215 0.97
7.2 0.86 44.67 42.43 39.67 37.68 15.00 1425 15515 1.38
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CONTROL 2

concentration Iog. mean mean mean mean mean mean 50% of
of drug Cone. inhibition inhibition inhibition inhibiti inhibiti inhibiti maximal
gum Arabic + K. quasipne K. guasipne. K. aerogene K. aerogene Kpneumon., K pnewmon, inhibition
ciprofloxacin umanio, wmonia, 5 s ia. ia.
(4M7) (100%) (95%) (100%) (95%) (100%) (95%)
(ug/mL)
29.2 1.47 45.33 43.07 40.33 38.31 19.67 17.10 45.280
14.5 1.16 46.00 43.70 44.67 42.43 20.00 19.00 42.745
7.2 0.86 50.00 47.50 49.67 47.18 20.33 19.31 18.205

Figure 3.1: FT-IR Spectra of Irvinga Gabonensis Gum
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Figure 3.4: shows the plates of the susceptibility test of the various concentration of the active
ciprofloxacin inpregnated on the filter paper disc.

Figure 3.5: shows the plates of the susceptibility test of the various concentration of the active
ciprofloxacin and the excipients (AM7), inpregnated on the filter paper disc.

Figure 3.6: shows the plates of the susceptibility test of the various concentration of the active
ciprofloxacin and the excipients (BM7) ), inpregnated on the filter paper disc.
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Figure3.7: shows the plates of the susceptibility test of the various concentration of the active
ciprofloxacin and the excipients (CQ7), ), inpregnated on the filter paper disc.

Figure 3.8: shows the plates containing Irvinga gabonensis plant seed
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Fig 3.9: shows the graph of Log concentrations o f ciprofloxacin against 95% mean inhibition of K.
quasipneumoniae
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Fig 3.10: shows the graph of Log concentrations o f ciprofloxacin against 95% mean inhibition of
K.aerogenes
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Fig 3.11: shows the graph of Log concentrations o f ciprofloxacin against 95% mean inhibition of
K.pneumoniae
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Fig 3.12: shows the graph of Log concentrations of ciprofloxacin+ Irvinga gabonensis against
1C95% mean inhibition of K.quasipneumoniae
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Fig 3.13: shows the graph of Log concentrations of ciprofloxacin+ Irvinga gabonensis against
1C95% mean inhibition of K.aerogenes
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Fig 3.14: shows the graph of Log concentrations of ciprofloxacin+ Irvinga gabonensis against 1C95%
mean inhibition 0f K. pneumoniae
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Fig 3.15: shows the graph of Log concentrations of ciprofloxacin+ Gelatine gum against IC95% mean
inhibition of K. quasipneumoniae
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Fig 3.16: shows the graph of Log concentrations of ciprofloxacin+ Gelatine gum against 1C95%
mean inhibition of K. aerogenes
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Fig 3.17: shows the graph of Log concentrations of ciprofloxacin+ Gelatine gum against 1C95%
mean inhibition of K.pneumoniae
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Fig 3.18: shows the graph of Log concentrations of ciprofloxacin+ Arabic gum against 1IC95% mean
inhibition of K. quasipneumoniae
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Fig 3.19: shows the graph of Log concentrations of ciprofloxacin+ Arabic gum against IC95% mean
inhibition of K. aerogenes
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Fig 3.20: shows the graph of Log concentrations of ciprofloxacin+ Arabic gum against 1C95% mean
inhibition of K.pneumoniae

4.0 Discussion

The medicinal uses of Irvingia spp. are many, but may not easily be assign to individual species or against
disease causing agents like Klebsiella species. Though, Irvingia gabonensis is indigenous to the humid
forest zone of the Gulf of Guinea, from western Nigeria, east to the Central African Republic, and south to
Cabinda (Angola) and the westernmost part of DR Congo according to Atangana,et. al,(2002). It is also
planted in parts of the areas like; south-western Nigeria and southern Cameroon, (Atangana,et. al,2002).

From this study, the formulation of the excipients is as shown in Table I, while the analysis in Table II,
showed that the pure active ciprofloxacin was seen to be very effective at the concentration of 16.6ug/ml
against all the species of Klebsiella isolated from the IUTH. Also, at a reduced concentration of 8.3ug/ml
and 4.12pg/ml, the drug was still very effective on all the Klebsiella species tested, with an IC50 of
1.02pg/ml and 0.8pg/ml respectively. Also in Table 11, the analysis showed that the active ciprofloxacin +
Irvinga gabonenesis gum had a close effect ( IC50 = 1.22ug/mL and 0.90ug/mL), showing that the drug
and the excipient are very compactible to each other as seen in the fig, 3.1, 3.2 and 3.3 FT-IR spectra
respectively. The active ciprofloxacin + gelatin and the ciprofloxacin + Gum Arabic at the concentration of
14.5pg/ml had no reduced significant effect on the organisms when compare to the active ciprofloxacin
active drug at 8.3pg/ml, though at the concentration of 4.12jug/ml of the active ciprofloxacin, it had more
effect than the ciprofloxacin + Gum Arabic concentration at 7.2ug/ml. While, the results of the active
ciprofloxacin + Gelatin at the concentration of 14.5ug/ml had similar significant effect on the organisms
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when compare to the active ciprofloxacin active drug at 8.3ug/ml, though at the concentration of 4.12ug/ml
of the active ciprofloxacin little difference in its effect were observed based on the zones of inhibition of
the ciprofloxacin + Gelatin concentration at 7.2mg/ml. Further analysis showed that the active ciprofloxacin
+ Irvirga gabonenesis at the concentration of 14.5ug/ml ( 1C50 = 1.22) had no reduced significant effect
on the organisms when compare to the active ciprofloxacin active drug at 8.3ug/ml( IC50= 1.02) (Table Il
), which reveals that the plant gum did not interact with microbial activities of the ciprofloxacin active drug,
though at the concentration of 4.12ug/ml of the active ciprofloxacin(IC50= 0.80) had more effect than the
ciprofloxacin + Irvirga gabonenesis concentration at 7.2ug/ml (IC50= 0.9). This may be due to genotypic
constituents, mutations or AcrAB efflux system which is one of the principal factor contributing to the
different species of the organisms variation in response to the drugs. Analysis showed that significant
differences were seen on the isolate K. aerogenes. These findings support the reports of Pakzad, et
al.,(2013), Struve and Krogfelt (2004); and Varon and Alangaden (2004), when they reported Klebsiella
spp., as harboring, AcrA gene, AcrAB efflux and mutation which could be responsible for their variations
in resistance to the drug components studied.

Conclusion

In this study, the microencapsulated ciprofloxacin + Irvinga gabonensis extract were effective against the
species of Klebsiella used. The effect of the results showed that ciprofloxacin is a drug of choice in the
management and treatment of pneumonia causing organism like Klebsiella spp. Secondly, the effect and
the release kinetic of ciprofloxacin was not affected, rather it was very efficacious. From the analysis on
the FT-IR spectra for ciprofloxacin active drug and the blend of ciprofloxacin - Irvinga gabonensis gum
(fig. 3.1, 3.2,3.3) showed no significant difference as regard the spectrum of activity using the infra-red
spectrophotometer, when evaluated using the Jacox 2003 interpretation, mean concentration 1C95% and
the 1C50. This analysis indicates that no chemical interaction was observed based on the FT-IR spectra,
when the drug and gum of the plant were blended together and was confirmed in this study by the evaluation
of the antimicrobial activity using the 1C50.

From the results in this study, investigation revealed that ciprofloxacin is chemically compatible with the
Irvinga gabonensis gum extract (excipients), when compared to the usual excipients (gelatin and Arabic
gum) normally used in this pharmaceutical dosage design. Though, the result of the antimicrobial
susceptibility test found in this study were not in line with the study carried out by Pakzad, et al, (2013)
using ciprofloxacin, as the drug ciprofloxacin in this study, showed clear zone of inhibition as shown in fig
3.4, 3.5, 3.6 and 3.7, irrespective of the blend with other excipients.
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