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ABSTRACT

Background: Conjunctivitis is a common ocular infection that can be experimentally
induced in animal models to evaluate potential therapeutic agents. This study investigated
the antibacterial and healing effects of Lycium barbarum L. extract at varying
concentrations compared with a standard antibiotic treatment in Wistar rats (Rattus
novergicus) with induced conjunctivitis.

Methods: Twenty-five male Wistar rats were randomly assigned to five groups: (1)
placebo control, (2) levofloxacin-treated, (3) 25% extract, (4) 35% extract, and (5) 45%
extract. Conjunctivitis was induced using Staphylococcus aureus, followed by topical
administration of the assigned treatments. Clinical signs of inflammation and total
bacteria on plate count were assessed before and after treatment. Data were analyzed
using mixed-design ANOVA with Tukey’s post hoc test.

Results: Significant differences were found across groups and between pretest and
posttest treatment conditions (p < 0.05). The levofloxacin group showed the greatest
reduction in bacterial colonies and inflammation. The 45% extract groups demonstrated
marked improvement compared to the placebo, 25%, and 35% extract groups, indicating
a concentration-dependent response.

Conclusion: While levofloxacin exhibited superior antimicrobial efficacy, higher
concentrations of Lycium barbarum L. extract also promoted recovery, supporting its
potential as an adjunct therapy for bacterial conjunctivitis.
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INTRODUCTION

Conjunctivitis is an inflammatory condition of the conjunctival mucosa, which may result
from bacterial or viral infections, hypersensitivity reactions, mechanical trauma, or
pharmacological agents. Among the various etiological agents, Staphylococcus aureus is
recognized as a primary bacterial pathogen commonly implicated in bacterial conjunctivitis.
Staphylococcus aureus, a Gram-positive coccus, exhibits multiple virulence determinants—
such as protein A, exotoxins, and the ability to form biofilms—that enhance its adherence,
colonization, and persistence on mucosal surfaces (Jasinka ef al., 2021). The rising prevalence
of antimicrobial resistance among ocular pathogens has driven the investigation of alternative
therapeutic strategies, particularly those involving natural bioactive compounds with broad-
spectrum antimicrobial properties (Manente et al., 2022).
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Lycium barbarum L., commonly referred to as Goji berry, is a phytotherapeutic species
extensively utilized in traditional East Asian medicine for its medicinal properties.
Phytochemical investigations of Lycium barbarum L. have identified a diverse array of
bioactive compounds, including polysaccharides—particularly Lycium barbarum
polysaccharides (LBPs)—as well as flavonoids, phenolic acids, carotenoids such as
zeaxanthin, and betaine. These bioactive constituents demonstrate a wide range of
pharmacological effects, encompassing antioxidant, immunomodulatory, anti-inflammatory,
and antimicrobial activities (Chiuman & Girsang, 2022). Several in vitro investigations have
reported the antibacterial activity of Lycium barbarum L. extract against various pathogenic
bacteria, indicating its potential as a natural source of antimicrobial agents (Yang et al., 2022).
Considering the limitations associated with conventional antibiotic therapy, especially in the
treatment of superficial infections like conjunctivitis, the development of plant-derived
therapeutics presents a viable and promising alternative approach (Sonoda & Takeuchi, 2023).
Topical application of phytochemical-enriched extracts may confer localized antimicrobial
activity while minimizing systemic toxicity. Within this therapeutic context, Lycium
barbarum L. extract may function as a potential adjunct or alternative modality for managing
bacterial conjunctivitis, effectively reducing microbial burden while minimizing ocular
irritation and the risk of promoting antimicrobial resistance (Qin et al., 2022).

The Total Plate Count (TPC) method provides a reliable quantitative microbiological assay
for assessing the antimicrobial efficacy of Lycium barbarum L. extract by determining the
number of viable bacterial cells. The use of Wistar rats (Rattus norvegicus) as an experimental
animal model enables the simulation of conjunctival infection and facilitates the evaluation of
bacterial load following therapeutic intervention (Pratama & Aldy, 2022). These experimental
models provide a controlled and reproducible in vivo platform for investigating therapeutic
interventions, enabling thorough evaluation of both clinical manifestations and
microbiological parameters (Howen ef al., 2022).

This study is designed to evaluate the impact of Lycium barbarum L. extract on the colony-
forming units of Staphylococcus aureus in conjunctival infections in Wistar rats, quantified
using the Total Plate Count (TPC) method. The results of this study are anticipated to augment
existing evidence supporting the therapeutic potential of natural compounds in bacterial
infection management and may facilitate the incorporation of phytotherapeutic agents into
conventional ocular pharmacological practices.

METHODS
An experimental with pretest and posttest control group was utilized for this research. This
study was conducted at the Faculty of Pharmacy of the University of North Sumatra. Sample
size was determined using Federer formula for this study and 25 wistar rats were used in this
study. This study considered inclusion criteria such as male wistar rat, 160-200 gram of
weight, and 11-12 weeks of age. The exclusion criteria such as female rats, weight out of the
range of 160-200 gram, age out of range 11-12 weeks rats.
A total of 25 male Wistar rats (Rattus norvegicus) were used in this study and randomly
divided into five groups (n = 5 per group) using a simple random sampling technique. The
groups consisted of:
(1) a placebo group receiving Cendo Lyteers (sterile artificial tears) and Staphylococcus
aureus inoculation (1.5 x 108 CFU/mL);
(2) apositive control group treated with levofloxacin 0.5% eye drops and Staphylococcus
aureus (1.5 x 108 CFU/mL);
(3) three treatment groups administered Lycium barbarum L. extract eye drops at
concentrations of 25%, 35%, and 45%, respectively, following inoculation with S.
aureus (1.5 x 108 CFU/mL).
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The Lycium barbarum L. extract eye drops were prepared by substituting the contents of sterile
eye drop bottles with the plant extract at the designated concentrations (25%, 35%, and 45%),
using the same excipient composition as standard ophthalmic preparations. The solutions were
tested for sterility using Nutrient Agar (NA) media.

Prior to experimentation, all rats were acclimatized to laboratory conditions for seven days
with free access to standard feed and water. On the eighth day, bacterial conjunctivitis was
induced by inoculating both eyes with S. aureus suspension (1.5 x 10®* CFU/mL), applied as
one drop every 10 minutes for one hour. Treatments commenced on the twelfth day, with each
group receiving one drops (0.05 ml) of their assigned formulation once daily until recovery or
the completion of the observation period.

Bacterial quantification was performed using the Total Plate Count (TPC) method.

Conjunctival swab samples were collected on day 11 (pretest) and day 17 (post-test, or day 5
after treatment). The samples were cultured on Mannitol Salt Agar (MSA) to determine the
number of viable S. aureus colonies, enabling evaluation of the antimicrobial efficacy of the
treatments.

RESULTS
All 25 Wistar rats completed the experimental procedures without mortality or notable adverse

effects. Wistar rats obtained in this study derived from the Faculty of Pharmacy of North
Sumatra University with age range from 11-12 weeks. These 25 rats were divided into 5
groups of treatment: control group receiving NaCl eye drops, antibiotic-treated group, group
receiving 25% extract, group receiving 35% extract, and group receiving 45% extract.
Induction of conjunctivitis was successful in all groups, as evidenced by redness, swelling,
and discharge observed during the pretest evaluation. Each pretest and posttest groups showed
significant difference (p<0.05) in the sum of total colony. Placebo group significancy
interpreted as worsening after given the placebo treatment. On the other hand, levofloxacin
and Lycium barbarum L. extract treatment shows a beneficial improvement. This ensured that
any subsequent differences observed in the posttest phase could be attributed to the effects of
the administered treatments.
Table 1. Mean Number of Colonies of Staphylococcus aureus

Group n Pretest Mean Posttest Mean Paired t-test
(SD) (SD) 1]

Placebo (cendo lyteers) 5  720.4 (26,124) 851.6 (14,552) 0.022

Levofloxacin 5 710.20 (26,858) 29.40 (3,429) 0.008

Extract 25% 5 690.40 (21,960) 460.80 (12,718) 0.015

Extract 35% 5 701.0 (19,604) 327.40 (9,081) 0.011

Extract 45% 5 675.0(20,182) 138.0 (7,925) 0.005

Following treatment, notable improvements in ocular condition were observed in most groups,
with the magnitude of improvement varying according to the type of treatment administered.
The placebo group showed no reduction in redness and swelling, while the antibiotic-treated
group displayed the most rapid and complete recovery, characterized by clear conjunctival
surfaces and absence of discharge by the end of the observation period. The extract-treated
groups (25%, 35%, and 45%) also demonstrated gradual improvement, with higher
concentrations showing greater recovery compared with lower concentrations and the placebo
group.

The mixed-design ANOVA revealed significant main effects of time (pretest vs. posttest)
and treatment group (p < 0.05), confirming that both the progression of time and the type of
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treatment influenced recovery outcomes. Tukey’s post hoc test indicated that the antibiotic
group differed significantly from all other groups (p < 0.05) except the 45% extract group,
exhibiting the highest mean reduction in conjunctival inflammation scores and bacterial
load. Among the extract-treated groups, the 45% concentrations showed significantly greater
improvement than the 25% and 35% extract and placebo.

Descriptive statistics supported these inferential findings. The placebo group displayed only
a no mean score improvement, while the antibiotic group achieved the greatest reduction in
inflammation and bacterial counts. The extract 25% group showed mild improvement,
whereas the 35% and 45% extract groups showed substantial improvement, approaching but
not matching the antibiotic group’s efficacy. Graphical representation of the mean pretest
and posttest scores illustrated a distinct downward trend in inflammation severity across all
groups, with the steepest decline in the antibiotic and higher-concentration extract groups.

Figure 1. Trends in Colonies Number of Staphylococcus aureus
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In summary, all treatment groups expect placebo group exhibited improvement from pretest
to posttest, but the magnitude of recovery was significantly influenced by treatment type.
The antibiotic group demonstrated the highest antibacterial and anti-inflammatory efficacy,
while Lycium barbarum L. extract showed promising, dose-dependent therapeutic activity.
The results confirm that the extract possesses measurable healing potential in conjunctivitis-
induced Wistar rats, though it remains less potent than conventional antibiotic therapy.
These findings support further investigation into optimizing extract concentration and
formulation to enhance its therapeutic performance in ocular inflammation.

DISCUSSION

This study evaluated the therapeutic effects of varying concentrations of a plant extract (25%,
35%, and 45%) in comparison to placebo and levofloxacin (positive control) on conjunctivitis
induced in Wistar rats. A total of 25 rats were divided equally into five treatment groups and
assessed at both pretest and posttest time points. Overall, all treatment groups showed some
degree of improvement compared to baseline, but the antibiotic-treated group demonstrated
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the most pronounced reduction in bacterial count and clinical signs of conjunctivitis. The
higher extract concentrations (35% and 45%) also produced measurable improvements,
although their effects did not surpass those of the antibiotic group.

The superior performance of the antibiotic group aligns with the expected pharmacological
action of broad-spectrum ocular antibiotics, which rapidly reduce bacterial load by directly
inhibiting bacterial growth and replication. Antibiotics remain the gold standard for treating
bacterial conjunctivitis because of their fast-acting and targeted antimicrobial properties,
resulting in decreased bacterial colonization and inflammation within a short period. The rapid
improvement observed in the antibiotic-treated rats reinforces the effectiveness of
conventional antibiotic therapy in acute ocular infections.

Although the plant extract groups did not outperform the antibiotic treatment, the 35% and
45% concentrations produced moderate and statistically significant improvements compared
with the placebo group. This suggests that the extract contains bioactive compounds with
antimicrobial and anti-inflammatory potential, but the potency may be lower or the onset of
action slower than that of the antibiotic. It is possible that the extract works more indirectly—
through modulation of inflammatory mediators and local immune responses—rather than
immediate bactericidal action. This distinction is important for understanding its therapeutic
role as an adjunct or supportive treatment, rather than as a replacement for antibiotics.

The observed activity of the extract at higher concentrations can be attributed to
phytochemicals such as flavonoids, phenolics, alkaloids, and tannins, which are commonly
found in medicinal plants with antimicrobial properties. These compounds can disrupt
bacterial cell membranes, inhibit biofilm formation, and modulate host inflammatory
responses. However, their concentration-dependent nature and lower potency compared to
synthetic antibiotics may explain the smaller effect size observed. In contrast, antibiotics act
directly and efficiently on bacterial metabolic pathways, leading to a faster reduction in
bacterial load (Sharma et al., 2025).

These findings highlight the continued clinical relevance of antibiotics as first-line therapy for
bacterial conjunctivitis, especially in acute cases (Honkila et al., 2022). However, the plant
extract’s moderate antimicrobial and anti-inflammatory effects may still be clinically useful.
Plant-based preparations could be developed as complementary or maintenance therapies,
potentially reducing the required antibiotic dose or duration, thereby helping to minimize the
risk of antibiotic resistance. Moreover, in regions with limited access to pharmaceuticals,
standardized extracts could offer a cost-effective alternative or preventive measure, though
not a substitute for antibiotic therapy in severe infections (Jia et al., 2025).

This study has several limitations that should be addressed in future research. The sample size
was relatively small (n = 25), and only short-term effects were measured between pretest and
posttest. A longer follow-up period would help determine whether the plant extract has
sustained effects or simply delays bacterial regrowth. Additionally, histopathological and
molecular analyses could clarify the specific mechanisms by which the extract influences
inflammation and healing. Future studies should also explore synergistic effects between the
extract and antibiotics to evaluate their potential in combination therapy.

CONCLUSION

In conclusion, the results of this study demonstrate that antibiotic treatment remains the most
effective approach for rapidly reducing bacterial load in experimentally induced conjunctivitis
in Wistar rats. Nonetheless, the plant extract at 35% and 45% concentrations also produced
measurable therapeutic effects, supporting its potential as an adjunct treatment. While it
cannot replace conventional antibiotics in acute bacterial conjunctivitis, it may serve as a
valuable complementary agent to enhance treatment outcomes, reduce antibiotic use, or
provide alternative options in resource-limited settings. Further investigation into its active
compounds, mechanism of action, and long-term efficacy is warranted.
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