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The Effects of Aqueous Extract of Garlic on Bacterial Keratitis

ABSTRACT

The use of Allium Sativum (garlic) for the treatment of various microbial infections of the human
body has been an age long practice. However very little is known about the effectiveness of
garlic extracts in the treatment of ocular bacterial infections. The aim of this study was to
demonstrate the effectiveness of aqueous garlic extracts against bacterial infections of the cornea
in albino rats. For this study, two strains of Staphylococcus aureus and Psuedomonas aeruginosa
were used to as the bacterial organisms. The study was carried out both in vitro and in vivo. The
in vitro study involved the measurement of zones of inhibition of the garlic extract on the
bacterial organisms and the minimum inhibitory concentrations of the aqueous garlic extract to
the two bacterial organisms. The in vivo study involved the infection of the corneas of forty
albino rats with the microorganisms. Two concentrations of the aqueous garlic; 113mg/ml and
56.5mg/ml were used and compared to 0.3% Ciprofloxacin eye drop. The treatment lasted for a
period of ten days and until the infection was resolved. Colony counts were taken after each day
of treatment for the period of ten days. The data obtained was analysed using the Analysis of
Variance at a significance level of P<0.05 and tested against the research hypothesis. From the
results, it was discovered that the two concentrations of the aqueous garlic extracts were
effective in treating the keratitis caused by the two microorganisms. However when they were
compared to 0.3% Ciprofloxacin eye drop, it was noticed that the Ciprofloxacin was more
effective in treating the microbial keratitis than the aqueous garlic extracts.
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INTRODUCTION

Garlic (Allium sativuim) has been in use for many years in different parts of the world for both
medicinal and culinary purposes. Originating from Asia, it has been seen to grow successfully in
almost all parts of the world, spreading its usefulness as a medicinal herb that has curative and
preventive properties against a wide range of ailments (Rani et a/, 2019).

Its medicinal use can be found in its ability to treat various infections caused by different kinds
of microorganisms like bacteria, fungi, virus and protozoans. It has also been proved to have
antioxidant, anticancer and antihypertensive abilities. Its’ role in the enhancement of the
reproductive functions in males have also been proved (Harris et al., 2001).

As an antimicrobial agent, garlic has been used in the treatment of various infectious diseases
which are caused by different kinds of microorganisms. These include bacteria, fungi, virus,
protozoans etc. Of these antimicrobial effects, the use of garlic as an antibacterial agent has been
the most common, it’s effectiveness against a wide range of both gram positive and gram
negative bacteria making it a very potent medicinal plant against a wide range of bacterial
infections. Even bacterial infections which have been known to be very resistant to conventional
antibiotics have been shown to be highly susceptible to garlic(Haris et a/,2001).

The use of garlic extracts to treat infections of the ocular surface has not been a common practice
although some studies have shown the effectiveness of garlic extracts on some infectious
diseases of the eyes which are caused by staphylococcus infections on the conjunctiva (Uzodike
et al., 2005). It has also been proved that garlic extracts are effective agents for the treatment of
fungal ocular infections when administered topically. However, the use of garlic as a safe
antimicrobial agent for topical use in the treatment of ocular infections is yet to gain general
acceptance among eye care professionals.

Many studies have been undertaken to demonstrate the antibiotic effect of garlic on bacteria
organisms. Different strains of bacteria organisms have been tested with different extracts of
garlic to examine its efficacy against such strains. The emergence of strains of bacteria which are
resistant to conventional antibiotics has been one of the major reasons for the desire to access
plants such as garlic as effective alternatives in the treatment of such bacterial infections
(Epherem et al., 2016). Allicin in garlic is found to be the major antimicrobial agent of the herb.
It has been shown to effective against a wide range of microbial organisms. Its antibacterial
property stems from its ability to inhibit the actions of two particular enzymes which are the
most implicated enzymes in the causation of infections. These enzymes are the cysteine
proteinases and the alcohol dehydrogenases which serve as the main destructive enzyme in
microorganisms and the main enzyme of metabolism in microorganisms respectively. Also the
complete inhibition of the RNA synthesis in bacterial organisms by allicin and other thiosulfinate
substances of garlic also plays a role in the inhibition of bacterial growth. Allicin in garlic has
been known to be effective against both gram positive and gram negative bacteria (Kamal et al.,
2000).



Bacterial keratitis is the bacterial infection of the cornea. It is the most common form of
microbial keratitis and it’s also the prevalent among various population groups around the globe.
Its effect on the cornea can go from the cornea epithelium through to the stroma of the cornea.
Bacterial keratitis is commonly caused by three bacterial organisms: Staphylococcus aureus,
Pseudomonas aeruginosa and streptococcus pneumonoia. These organisms have the capacity to
invade through the cornea epithelium down to the stroma. Of these organisms, Pseudomonas
aeruginosa is the most common, having the capacity to cause corneal epithelial perforation just
within three days of infecting the cornea(Al Mujaini,2009). The ability of these microorganisms
to securely attach themselves to the epithelial surface of the cornea is the major and first step in
the process of their pathogenesis. A break in the intact corneal epithelium makes infection by
microorganisms possible even though some bacteria have the capacity to invade intact cornea
epithelium by secreting certain toxins. Bacteria organisms during an infection cause the
activation of plaminogens to plasmins which are active proteolytic substances. There is also the
release of certain enzymes, protease, chymase and tryptase which cause microleisions at the
epithelium and delay in epithelial healing (AlMujainiet al.,2009).

The process of bacterial infection of the cornea takes place through six distinct phases which
include colonization, invasion, multiplication, inflammatory response,migration of leukocytes,
anterior chamber inflammatory reaction and scar(Zago et al.,2012). The initial step in the process
of corneal infection is colonization of the corneal surface by the bacteria organism which is
brought about by the ability of the bacterial organism to adhere to the corneal surface. This is
then followed by the invasion phase in which enzymes such as proteases, lipopolysaccharides,
streptolisins, demonecritic staphylolisines are secreted by the bacterial organism. These
substances have the ability to breakdown the epithelial layer cells of the cornea causing ulcers on
the corneal epithelium, sometimes even penetrating to as far as the corneal stroma. Following
this phase is the phase of multiplication which occurs when the microorganisms find their way to
the stroma of the cornea where they may find conditions such as nutrients and temperature which
favour the condition of active replication and release of toxic substances that have the ability to
initiate inflammatory reactions in the corneal stroma (Zago et al.,2012).

The next phase after multiplication is inflammatory response which is the response given by the
corneal tissues to the invasion that is caused by the bacterial organism. This entails the release by
the corneal tissues of potent mediators for inflammatory and immune responses which are called
cytokines which are produced by lymphocyte cells, chemotactic and tumor necrotic factors. The
initial sign of inflammatory reaction is the occurrence of oedema which simply means the
accumulation of interstitial water between the epithelial cells and keratocytes (Zago et al., 2012).
After this phase, there is the phase of migration of leukocytes to the infected corneal tissue from
new vessels that are formed on the cornea or limbus. Following this occurrence, there is the
accumulation of fibrin and collagen IV into the deep corneal stroma. After this process, there is
the process of inflammatory reaction at the anterior chamber which involved the migration and
accumulation of leukocytes which is usually visualised under the slit lamp on the anterior
chamber as hypopyon. The final stage is called the scar formation phase which is the
accumulation of fibrin at the site of the wound or where the process of bacterial invasion began.



MATERIALS AND METHODS

This research work was carried out in Owerri, Imo State, Nigeria. A randomized controlled study
was done in which the effectiveness of aqueous garlic extract on bacterial infections of the
cornea was compared to that of 0.3% Ciprofloxacin eye drop using forty healthy albino rats and
two different strains of bacterial organisms; Staphylococcus aureus and Pseudomonas
aeruginosa as the keratitis inducing organisms. The materials used for the study included:

1. 40 waster albino Rats

it.  Fresh Garlic

iii.  Clinically isolated strains of Staphylococcus aureus
iv.  Clinically isolated strains of Pseudomonas aeruginosa
v.  Sterile Distilled Water(1 litre)

vi. Normal Saline (1 litre)

vii. [Ilitre of 96% ethanol

viii. Nutrient Agar

ix.  Nutrient Broth

X.  Muller Hinton Agar

xi.  0.3% Ciprofloxacin (0.3% Ciprofloxacin )Eyedrop from Alcon
xii. Sterile Testubes

xiii. Sterile Pipettes

xiv. Sterile Swab Sticks

xv. Sterile Measuring Cylinder

xvi. Electric Blender(Philips)

xvii. Hot Air Oven(Lasany)

xviii. Centrifuge(British Standard)

xix. Analytical Weighing Balance

xX. 2 ml Syringes

xxi. Sterile Whatman Filter Paper

xxii. Sterile Musilin Cloth

xxiii. Spectrophotometer(Anatar)

xxiv. Refrigerator (Hisense)

xxv. Water bath(Tyndalle)



METHOD: Preparing the Animal Models

About thirty albino wistar rats were purchased from the Animal Friends Farm located at Royce
Road, Owerri, Imo State from where they were transported in cages to the laboratory after being
certified free of any systemic disease or infection by a veterinary doctor. They were between the
ages of 4 to 6 weeks old, weighing between 80 to 100g.

Preparation of the Microorganisms

Two kinds of bacterial microorganisms were used for this study. They are clinical isolates of
Pseudomonas aeuriginosa and Staphylococcus aureus species. Strains of these microorganisms
were procured from the Micro biology Laboratory of Federal Medical Centre Owerri and
transported in nutrient algar plates to the research laboratory. They were grown on nutrient broth
for a period of twenty four hours and under standard temperature of 37 degrees celcius. This was
then followed by decantation of the media and the washing of the microorganisms in sterile
distilled water using the centrifuge at a speed of 3000 rotations per minute for a period of ten
minutes. The microorganisms were then suspended in sterile distilled water and standardized to
an optical density of about 0.50 at a wavelength of 540um using a spectrophotometer.

Preparation of the Garlic Extract: Fresh garlic bulbs were first purchased from the local
market, their cloves washed with sterile distilled water and allowed to air dry. 150g portion of
the raw garlic was weighed using a weighing balance (kalan weighing balance).About 500mg of
the raw garlic was then homogenized in an electric blender with about 700ml of sterile distilled
water. The homogenate was then filtered using sterile musclin cloth, thereafter, the resultant
filtrate was filtered the second time using a whatman number 1 filter paper to obtain the fresh
aqueous garlic extract. The aqueous extract was then weighed in a sterile measuring cylinder
using the kalan weighing balance and its weight was found to be 375.4g.The volume of the
aqueous extract was also measured and found to be 650ml.The aqueous garlic extract was then
heated over a water bath at a temperature of about 58 degrees celcius until a paste form of it was
obtained. This paste form of the raw garlic extract was put in a sterile container and weighed
using the kalan weighing balance and it’s weight was found to 128.6g.This was then stored in the
refrigerator at a temperature of about 4 degrees celcius and kept for use throughout the study.

The Experiment:

The experiment was done both in vivo and in vitro in the laboratory. The in vitro test was done in
order to determine the sensitivity of the garlic extract on the microorganisms. This was achieved
by first determining the zones of inhibition of the various concentrations of the garlic extracts to
each of the organisms, the minimum inhibition concentration and finally the minimum
bactericidal concentrations of the extracts to the microorganisms. For the study, about 11.3g of
the garlic paste was dissolved in 100ml of sterile distilled water in order to obtain a stalk
concentration of 113mg/ml. This was then diluted using sterile distilled water to 50%, 25% and
12.5% to obtain lower concentrations of 56.5mg/ml, 28mg/ml and 14mg/ml. These three



concentrations were used for the in vitro study to determine the zones of inhibition and the
minimum inhibitory concentration of the garlic to the two microorganisms. For the determination
of the zone of inhibition, the agar well diffusion method was used while the broth dilution
method was used in the determination of the minimum inhibitory concentration. For the
minimum bactericidal concentration, the pour plate method was used to determine it.

The in vivo test was carried out by first dividing the animals into two broad groups, A&B and
then counting the bacterial colonies in the eyes of all the animals prior to infecting them with the
microorganisms. For the animals in group A, their right eyes were swapped for the colony
counting while for those in group B their left eyes were swapped. This was done by using sterile
swab sticks that were dipped into normal saline and swabbing them on the surface of the cornea
of the eyes of all the animals. From the swabs, the organisms were cultured and grown on
nutrient agar using the agar pour plate method for a period of 24 hours at a temperature of about
37 degrees Celsius. After the 24 hour period, the bacterial colonies on the agar plates were
counted using the direct visualization method and the colonies were recorded as the bacterial
bioload before infection for each of the animal models. Before inoculation with the
microorganisms, each of the two groups was further divided into four subgroups of (A1, A2, A3,
A4 & Bl, B2, B3, B4) containing five animals in each of the subgroups. The animals in group A
(A1, A2, A3 & A4) all had their right eyes inoculated topically with Staphylococcus aureus
strains using the swab stick while those in group B (B1, B2, B3 & B4) were inoculated topically
on the left eyes with Pseudomonas aeruginosa using sterile swab sticks also .The animals first
had their corneal surfaces scrapped with sterile syringes on the eyes that were to be inoculated in
order to initiate a wound /aberration on the surface of the cornea before the inoculations were
done according to the method proposed by Kathleen er al,(2001). The inoculations with the
microorganisms took place simultaneously and at room temperature and continued for about two
days consecutively until infections were visibly noticed on the cornea. The parameter for
ascertaining the presence of infections on the cornea was the appearance of signs of bacterial
corneal infections. Once the infections were visibly noticed, a colony count of the microbial flora
under the state of infection was taken for all the infected animals.

The first group which served as the control did not receive any treatment either with the garlic
extract nor the ciprofloxacin. The second group was treated with the 56.5mg/ml garlic extract
while the third group was treated with the 113mg/ml garlic extract .The fourth group was treated
with 0.3%ciprofloxacin eye drop. The treatment regimen was three drops of the garlic extract
and 0.3% Ciprofloxacin twice daily until all the signs of infection had completely resolved.

Colony count of the bacterial bioload was done every 24hours during the course of the treatment
until the infections were all resolved. At the final resolution of the clinical signs, swabs were also
taken from the eyes of the rats and colony counting was done for the various groups.



RESULTS

Table 1: Antimicrobial activity of Allium Sativum aqueous extract on Staphyllococcus
aureus isolates

Zone of Inhibition (mm)

Allium Sativum (mg/ml) Mean Zone of Inhibition (mm) % Inhibition
0 37.50 +£3.54 0.00+0.00
28.25 17.50 +3.54 53.33 +13.89
56.5 6.50 £0.71 82.67 +3.54
113 5.50 £0.71 85.33 £0.51
Ciprofloxacin (0.3%) 0.00 +0.00 100.00 = 0.00

Results are mean + standard deviation of three (3) determinations

Table 1 shows the antimicrobial activity of Allium Sativum aqueous extract on S. aureus isolates.
The Allium Sativum aqueous extract effectively inhibited gram positive Staphyllococcus aureus
isolates; the zone of inhibition results showed that the extract inhibited 85.33 + 0.71 % of the
isolates at 113mg/ml. The antimicrobial activity of the extracts was concentration dependent and
compared favourably with ciprofloxacin standard. The percentage inhibition of S. aureus was
53.33 £3.54, 82.67 £ 0.71, 85.33 £ 0.71, 100.00 £ 0.00 for A. sativum extract 28.25, 56.5, 113
mg/ml and ciprofloxacin (0.3%).

Table 2: Antimicrobial activity of Allium Sativum aqueous extract on Pseudomonas aeruginosa

isolates

Zone of Inhibition (mm)
Allium Sativum (mg/ml) Mean Zone of Inhibition (mm) % Inhibition
14.13 15.75 £ 0.006 0.00 £0.00
28.25 11.00 + 1.41 30.16 +£13.71
56.5 8.50+0.71 46.03 £8.14
113 4.50 +0.71 71.43 +6.43
Ciprofloxacin (0.3%) 0.00 = 0.00 100.00 +0.00

Results are mean + standard deviation of three (3) determinations

The table 2 above showed that the A/lium Sativum aqueous extract effectively inhibited gram
negative P. aeruginosa aureus isolates; the zone of inhibition results showed that the extract
inhibited 71.43 + 6.43 % of the isolates at 113mg/ml. The antimicrobial activity of the extracts
was concentration dependent and compared favourably with ciprofloxacin standard. The
percentage inhibition of S. aureus was 30.16 = 13.71, 46.03+ 8.14, 71.43 £ 6.43, 100.00 + 14.13
for A. sativum extract 28.25,56.5, 113 mg/ml and ciprofloxacin (0.3%).



Table 3: Minimum inhibitory concentration of Allium Sativum aqueous extract on
Pseudomonas aeruginosa and Staphyllococcus aureus isolates

Minimum Inhibitory Concentration (MIC)

Isolates Allium sativum extract (mg/ml)

0 14.13 28.25 56.50
Pseudomonas aeruginosa + - - -
Staphyllococcus aureus + - - -

— = No visible growth
+ = Growth

The result in table 3 shows that at the concentration range of 14.13 - 56.50 mg/ml, the extracts
inhibited the growth of both isolates. The MIC of the extract was 14.13mg/ml for P.
aeruginosaand S. aureus isolates.

Table 4: Minimum bactericidal concentration of Allium Sativum aqueous extract on
Pseudomonas aeruginosa and Staphyllococcus aureus isolates

Minimum Bactericidal Concentration

(MBC)
Isolates Allium Sativum extract (mg/ml)
0 14.13 28.25 56.50
Pseudomonas aeruginosa + + + -
Staphyllococcus aureus % + + -

—= No visible growth
+ = Growth

Table 4 above shows that, at the concentration range of 14.13 — 28.250 mg/ml, the extracts did
not completely inhibit the growth of both isolates. The MBC of the extract was 56.5 mg/ml for P.
aeruginosa and S. aureus isolates.



Table 5: Effect of Allium Sativum aqueous extract on ocular total bacterial count of rats in Staphyllococcus aureus induced

Kkeratitis

Total bacteria count in colony forming unit (CFU)/ml x 10°

Groups Pre- Post-

. . Post-treatment (Days)
Inoculation Inoculation

1 2 3 4 5 6 7 8 9 10
Group Al (Control) 79.60 + 31840+ 382.08 458.50 446.44 43294 386.16 42029 42445 44560 41525 37491
9.33 37.32% + + + + + % + + + +
4478 5374  51.25% 4945 1527 4926 48.48" 4250 46.48"  14.83"
Group A2 (A. sativum ~ 74.05 20620+ 246.83 22293 194.16 167.70 123.42 107.32 84.05+ 70.05 54.05  40.71
56.5mg/ml) 1.98 7.92* + + + + + + 1.98" + + +
6.60° 23.65" 361> 470" 330 2.87° 223> 1.88° 1.65"
Group A3 (A. sativum ~ 73.10 = 20240+ 243.67 203.06 182.60 154.12 11440 9693 66.06+ 51.06 59.85 3820
113 mg/ml) 12.72 50.89* + S + + + + 3.13P¢ + + +
42.41°  7.83™ 492> 238%™ 472 732b 416 3.13" 236"
Group A4 68.45 + 273.80+ 182.53 171.13 14252 12677 107.37 9127 4471+ 37.85 30.80+ 26.84
(Ciprofloxacin 0.3%) 2.33 9.31* + + + + + + 3.37¢ + 2.62° +
6.21°  582°  2.09°  7.35° 3.65°  3.10° 3.41° 0.91°

Results are mean + standard deviation of five (5) determinations. Mean values bearing different superscript letters across columns are

significantly different (p<0.05).



The table 5 shows both the results and statistical analysis of the data which were obtained
from the colony count of the bacterial biload as the Staphylococcus aureus induced keratitis
was treated progressively with the two concentrations of the (113mg/ml&56.5mg/ml) and the
0.3% Ciprofloxacin eye drop. This analysis was done using the one way analysis of
variance(ANOVA) method at a confidence interval of 95.5% (at p <0.05 level of significance).

The result of the daily colony count showed a significant progressive decrease in the total
bacterial biload after treatment with A. sativum aqueous extract. The bacterial count was
significantly reduced after 24 hours of treatment at doses of 56.5 and 113mg/ml respectively.
The daily mean bacterial count of the treatment groups for ten (10) days are presented on the
table 4.5. Total bacterial count was reduced from 292.40 + 50.89 x 10° to 38.20 + 2.36 x 10
CFU/ml and 273.80 + 9.31 to 26.84 +0.91 x 10° CFU/ml in groups treated with 113 mg/ml A.
sativum aqueous extract and 0.3% ciprofloxacin respectively.



Table 6: Effect of Allium Sativum aqueous extract on ocular total bacterial count of rats in Pseudomonas aeruginosa induced keratitis

Total bacteria count in colony forming unit (CFU)/ml x 10

Groups Pre- Post- Post-treatment (Days)
Innoculation Innoculation
1 2 3 4 5 6 7 8 9 10
Group B1 (Control) 69.10 £+ 276.40 = 365.10 438.12 426.80 415.81 405.12 401.61 436.60 427.74 408.81 417.27
4.20 16.79* + + + + + + + + + +

52.06"  62.48"  61.62" 60.95" 60.44" 57.27" 64.00° 65.00" 64.00 62.26

Group B2 (A. sativum 58.70 £ 283.80 + 278.16  271.97 184.62 167.71 156.53 116.60 83.86  70.50 62.28 48.27
56.5mg/ml) 4.78 14.29* + + + + + + + + + +

14.64>  13.06° 12.00° 13.66° 12.75* 518" 6.83" 6.75" 6.44° 6.37"

Group B3 (A. sativum 71.25+ 285.00+  256.03  242.07 156.33 144.50 128.02 94.76 70.15  58.30 42.60 31.01
113 mg/ml) 8.63 34.51* + + + + + + + + + +

18.02° 550 16.88™ 14.15"¢ 9.01™ 10.03* 323"  7.00° 5.80% 451°

Group B4 69.55 + 278.20 £ 209.17 159.88  132.62 101.62 109.58 78.54 55.71 29.60 22.00 21.40
(Ciprofloxacin 0.3%) 6.80 27.19* & + + + + + + + + +

8.08° 6.47° 15.12¢  9.93¢ 8.94° 6.81" 2.08° 3.40° 2.20¢ 2.07°

Results are mean + standard deviation of five (5) determinations. Mean values bearing different superscript letters across columns are

significantly different (p<0.05).



Table 6 above shows both the results and statistical analysis of the data obtained from the
colony counts of the bacterial biload obtained as the treatment of the Pseudomonas
aeruginosa induced keratitis progressed with the two concentrations (113mg/ml &
56.5mg/ml) of the garlic extract and the 0.3% Ciprofloxacin eye drop. The analysis was done
using the one way analysis of variance (ANOVA) at 95.5% confidence interval (significance
level of p<0.05). From the results, there was a significant decrease in total bacteria count after
treatment with 4. sativum aqueous extract. The bacterial count was significantly reduced after
treatment with A. sativum aqueous extract at doses of 56.5 and 113mg/ml respectively. The
total bacterial count was significantly reduced as the days of treatment progressed. The daily
mean bacterial count of the treatment groups for the ten (10) days are presented on the table
4.5. Total bacterial count was reduced from 285.00 + 34.51 to 21.40 £ 2.07 x 10° CFU/ml
and 278.20 + 27.19 to 21.40 + 2.07 x 10° CFU/ml in groups treated with 113 mg/ml A.
sativum aqueous extract and 0.3% ciprofloxacin respectively.

Discussion

The in vivo results of this study showed that the aqueous garlic extracts were effective in the
treatment of the bacterial keratitis caused by the Pseudomonas aeruginosa and
Staphylococcus aureus organisms.The in vitro results showed a higher zone of inhibition for
0.3% ciprofloxacin eye drop than the aqueous garlic extracts for all the concentrations for
both micro organisms with the least percentage inhibition shown by the aqueous extract at a
concentration of 14.13mg/ml.The in vivo study which was carried out to demonstrate the
effectiveness of the aqueous garlic extract on treating the bacterial infections caused by the
two different organisms showed a slight discrepancy being more pronounced on the
Staphylococcus aureus infection than the Pseudomonas aeruginosa infections.This
observation was also seen in the in vitro study where the percentage of inhibition was higher
for the S.aureus than for the P.aeruginosa.This could be as a result of the bioactive
compounds(allicin and other thiosulfinates) contained in garlic which has been shown to have
more effective on S.aureus than the P.aeruginosa.The second reason could be due to the mode
of extraction as aqueous garlic extracts have been shown to be more effective against
S.aureus than it’s Pseudomonas aeruginosa counterpart.The in vivo study also showed a good
comparison between the 0.3% Ciprofloxacin and the aqueous garlic extracts in their
effectiveness in treating bacterial keratitis caused by both micro orgranisms.The results
showed that the ciprofloxacin had a greater antibacterial effect on the infected cornea than the
two concentrations of the aqueous garlic extracts,being able to resolve the bacterial infections
caused by both organisms at a shorter time interval than the aqueous garlic extracts.This is
similar to the work carried out by Uzodike et al (2005) on comparing the effectiveness of
aqueous garlic extract on S.aureus infections of the conjunctiva.This effect could be
attributed to the concentration of garlic used as higher concentrations of the aqueous extract
could prove to have a shorter time interval in the treatment of the bacterial keratitis than the
0.3% Ciprofloxacin. Moreover, the mode of preparation of the garlic extract which involved
the heating of the aqueous extract over a water bath at a temperature of 58 degrees celcius
could have reduced it’s antibacterial efficacy.



The study also showed a discrepancy in the time interval required for the resolution of the
bacterial infections caused by the two organisms. The 0.3% ciprofloxacin eye drop was able
to completely resolve the bacterial infections caused by the two organisms within the first
week of the treatment regimen(day 6 of the treatment).The 113mg/ml of garlic extract
resolved the infection caused by the S.aureus on the 6th day while it resolved that caused by
the P.aeruginosa on the 8th day.For the 56.5mg/ml, no resolution of the infections caused by
the each of the micro organisms was observed until ten days post treatment.

CONCLUSION & RECOMMENDATION

From the results of this study, it is safe to conclude that aqueous extract of garlic is an
effective antibacterial agent which can effectively treat bacterial infections of the cornea. Its
antibacterial effect can be attributed to the presence of its active component allicin which is
responsible for not only its antibacterial effect but also other pharmacological effects.
Aqueous garlic extract although effective against bacterial infections of the cornea is not
more efficient than ciprofloxacin eye drops in the treatment of bacterial keratits that are
caused by Staphylococcus aureus and Pseudomonas aeruginosa as the later is able to treat
bacterial corneal infection at a shorter time interval. This however is based upon the
concentration of the garlic extract that was used for this study.

Future research studies should be done using higher concentrations in order to ascertain if
there will be any changes in effectiveness of aqueous garlic extracts on bacterial keratitis in
comparison to ciprofloxacin and other more recent brands of fluroquinolones. I will also
recommend aqueous extracts of garlic to be used as an adjunct medication in the treatment of
bacterial infections of the cornea.
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