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KABSTRACT \

Background: Extensive use of antibiotics has led to emergence of antfimicrobial resistance (AMR),
hence, challenging the freatment of clinical bacterial isolates. Herbal agents like Curcuma longa
(Turmeric) have gained prominence for their wide-ranging effects. This study aimed fo identify
anfibacterial and cytotoxic potential of pure and processed Curcuma longa on respiratory fract
bacterial isolates to develop an effective and sustainable treatment option.

Methods: This study was conducted from March to October 2023 at Medical Technology Laboratory,
Ziauddin University. The antibacterial activity of pure and processed Curcuma longa ethanolic
exitracts against Moraxella catarrhalis, Klebsiella pneumoniae, Strepfococcus pyogenes, and
Haemophilus influenzae was checked by agar well diffusion method. The minimum inhibitory
concenfration (MIC) and minimum bactericidal concentration (MBC) were determined through
microdilution method. Phytochemical composition was qualitatively analyzed and cytotoxic poten-
fials of Curcuma longa were tested through MTS assay. Mean values of furmeric exfracts were com-
pared by student’s t-test through SPSS version 17. p-value<0.05 is considered significant.

Results: Comparable antibacterial activity was observed for pure and processed Curcuma longa
extract against tested bacterial organisms. Among them, Moraxella catarrhalis showed maximum
zones of inhibition (20mm) when treated with pure Curcuma longa extract. Furthermore, MIC was
achieved at 25mg/ml and 50mg/ml against tested isolates with the bactericidal mode of action.
Enhanced phytochemical composition and 98% cell viability against NIH 3T3 mouse fibroblast cell
lines were observed for pure Curcuma longa.

Conclusion: This study revealed effective antibacterial potential of Curcuma longa and prefers the
use of pure Curcuma longa due to its better phytochemical composition and safety profile for cellu-
lar systems.
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INTRODUCTION

Antimicrobial Resistance (AMR) has emerged as a
critical global health crisis, threatening the effective-
ness of modern medicine against infectious diseas-
es. Pakistan ranks 176th in AMR-related mortality with
4.95 million deaths in 2019 attributed to drug-resis-
tant infections. One in five of these fatalities
occurred in children under five years and the
second leading cause of child mortality' .

Respiratory tract infections (RTls), encompassing
Pharyngitis, Nasopharyngitis, Tonsillitis, Ofitis media,
and Sinusitis, affect individuals of all age groups.
Bacterial strains majorly responsible for these infec-
tions are Haemophilus influenzae, Streptococcus
pyogenes, Moraxella catarrhalis, Staphylococcus
aureus, Klebsiella species, and Streptococcus pneu-
moniae® ¢, The misuse of antibiotics in RTI treatment
significantly contributes to bacterial resistance
against them’. Bacteria exhibit multiple resistance
mechanisms against antibiotics, restricting from
either a lack of antibacterial selection pressure or
the absence of the anfibiotic target 8. Compounds
extracted from natural plant sources have proved
to be the safest options in this regard with minimal
side effects * 10,

Curcuma longa, commonly known as turmeric
belongs to the family Zingiberaceae. It is widely used
in the food industries, as a coloring agent as well as
an additive to impart flavor in curries. Curcuma
longa has a wide antiquity of use due to its spectac-
ular antimicrobial and anfifungal activities; which is
used in the treatment of a variety of diseases.
Curcumin a phenolic compound derived from
Curcuma longa (Turmeric), emerges as a promising
natural bioactive compound with diverse medicinal
properties. Studies support its effectiveness as a
prebioftic, probiotic, antioxidant, antimicrobial, and
cytotoxic agent, making it valuable in both the food
and pharmaceutical industries. It is soluble in various
organic solvents with variable absorption potential.
Ethanol has proved to enhance the solubility,
bioavailability, and antimicrobial potential of Curcu-
ma longa specifically in RTls 13,

This sfudy aimed fo explore the antibacterial role of
Curcuma longa (Turmeric), as a pharmaceutical
agent against fastidious respiratory fract bacterial
isolates to develop an effective and sustainable
freatment option.

METHODS

This study was conducted from March to October
2023 at the Medical Technology Laboratory, Ziaud-
din University Karachi. The Curcuma longa (Turmer-
ic) samples used in this study were obtained from
commercially processed and heat-dried rhizomes of
furmeric purchased from a local market. All four
clinical isolates i.e., Streptococcus pyogenes,
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Moraxella catarrhalis, Haemophilus influenzae, and
Klebsiella pneumoniae were obtained from the
Clinical Microbiology diagnostic laboratory of a
Ziauddin Hospital North Nazimabad and sub-cul-
tured on Sheep Blood agar (Oxoid CM0271, UK) and
Chocolate agar (Oxoid CM0271, UK). Inoculated
plates were incubated in 5% CO2 at 37°C aerobical-
ly. The plates were examined after 24 hours for
bacterial growth.

Samples of Curcuma longa (processed and pure
rhizome) were extracted in ethanol. The Curcuma
longa rhizomes were washed, ground with an
electric grinder, and dried at 100°C for 3 hours.
Samples weighing 50gm were dissolved in 500ml of
95% ethanol, and retained for 24 hours. The concen-
frated and filtered samples were then kept at 4°C.
As per Clinical & Laboratory Standards Institute
(CLSI) guidelines 5% Sheep Blood agar for Strepto-
coccus pyogenes, Haemophilus testing media
(HTM) (Oxoid CM0898B, UK) agar for Haemophilus
influenzae, and Muller Hintfon (MH) (Oxoid CM0337B,
UK) agar for Moraxella catarrhalis and Klebsiella
pneumoniae were used to evaluate antimicrobial
effect of Curcuma longa in pure and processed
ethanolic exfract through Agar well diffusion
method hollowed by 6mm sterile borer 1415,

The stock was prepared by dissolving 100mg exfract
in 5 ml of dimethyl sulphoxide (DMSO) (Anala R®,
BDH Laboratory Supplies England). From this stock
solution, three working concentrations were
prepared as 100mg/ml, 50mg/ml, and 25mg/ml (100
ul in each well) with DMSO as a negative control.
The plates were left for 15 minutes to allow for
pre-diffusion and incubated at 37°C overnight (in
friplicates). The zones of inhibition were measured
after incubation; up to 9mm (inactive); 9-12mm
(partially active), 13-18mm (active), and >18mm
(active) .

Minimum inhibitory concentration (MIC) tested by
Microtitre plate dilution. 50ul of bacterial suspension
was prepared and added into the wells of a sterile
96-well microtitre plate. Each well of plate previously
contained different concentrations of Curcuma
longa extracts 100mg/ml,  50mg/ml, 25mg/ml,
12.5mg/ml, 6.25 mg/ml, and 3.12 mg/ml. Control
wells contained culture medium and exiract. The
plate was incubated for 24 hours at 37°C. The point
at which bacterial growth was completely inhibited,
was determined fo be MIC 718, Minimum bactericid-
al/bacteriostatic (MBC) was determined as 50ul
from all wells spread on culture plafes and incubat-
ed for 24 hours at 37°C 7.

Qualitative Phytochemical analysis of all the major
components (Flavonoids Alkaloids, Proteins and
Amino acids, Carbohydrates, starch, Phenol,
Terpenes, Resins, Saponins, Phlobatannins, Tannins,
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pure and commercially
longa was done through

and Glycosides) of
processed Curcuma
reported methods 2024,

Cytotoxic potential of pure and processed Curcu-
ma longa exiracts was qualitatively analyzed
through 3-(4, 5 dimethyliazol-2-y1) 5 (3 carboxyme-
thoxyphenyl) 2 (4 sulfophenyl) 2H tetrazolium (MTS)
assay. Cells were cultured and 5 x 102 cells/well were
added onto 96 well plates in triplicates. Plates were
incubated for 24 hours at 5% CO,,. Cell viability and
proliferation of NIH 3T3 (mouse fibroblast cell line)
were determined by exposing the viable cell fo the
Curcuma longa extracts in the presence of 5% CO,
at 37° C. After 24 hours, 20uL MTS solution was added
in each well with further incubation for 2 hours.
Growth was analyzed by reading the absorbance
at 490 nm 25,

Obtained data (runs in friplicate) were compiled
and tabulated. Mean values of pure and processed

furmeric extracts in the targeted clinical isolates
were compared by student’s t-test through SPSS
version 17.0 (IBM, SPSS Inc.). P value < 0.05 is consid-
ered as significant.

RESULTS

The antibacterial activity of Curcuma longa (Turmer-
ic) was assessed against selected respiratory tract
isolates;  Moraxella  catarrhalis,  Streptococcus
pyogenes, Klebsiella pneumoniae, and Haemophi-
lus influenzae through the Agar well method. Stock
solutions were prepared in DMSO, fo rule out the
bactericidal/ static effect of DMSO, it was used as a
negative confrol %, As shown in Figure 1 and Table 1
Moraxella catarrhalis, Streptococcus pyogenes,
and Haemophilus influenzae were found to be sensi-
five whereas, Klebsiella pneumoniae has shown
resistance against Curcuma longa extracts.

Figure 1: Antibacterial Activity of Pure and Processed Curcuma longa (Turmeric) represented as Zone of
inhibition a) Moraxella catarrhalis; b) Streptococcus pyogenes; c) Klebsiella pneumoniae and d)
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Table 1: Antibacterial Activity of Pure and Processed Curcuma longa (Turmeric) represented by
Zones of Inhibition

Concentrations 100 mg/mi 50 mg/ml 25 mg/ml
DMSO Pure Processed Pure Processed Pure Processed
. Curcuma longa Curcuma longa p- C longa C longa p- Curcuma longa Curcuma longa p-
Organisms Control - 2 valve 7 7 valve 7 2 valu
one one one one one one
mm
(i ) (mm) Mean (mm) Mean (mm) Mean (mm) Mean (mm) Mean (mm) Mean
21 14 20 14 19 13
Moraxella 20.6
! 06 14.3+ 193+ 140+ 50.05 183+ 133+
catarrhalis 20 0.57 15 0.57 >0.05 19 1.00 13 1.00 18 0.57 13 0.57 >0.05
21 14 19 15 18 14
17 16 13 14 13 13
Streptococcus 16+
P 00 153+ 12+ 13+ 50.05 123+ 12+
pyogenes 14 0.577 15 1.00 >0.05 12 0.57 12 1.00 12 0.577 12 0.577 >0.05
15 15 1 13 12 12
; 16 15 14 14 13 13
Haemophilus 00 153+ 150 13.6¢ I 126+ 123
influenza 15 0.577 15 0.57 >0.05 14 0.57 13 0.577 : 12 0.577 12 0.00 >0.05
15 15 13 13 13 12
. 00 00 00 00 00 00
Klebsiella 00 No N N No N N
pneumoniae 00 zone 00 © zone 00 ©zone 00 zone 00 ozone | oo Zorf’e
00 00 00 00 00 00

*0<0.05 is considered significant.

To determine the MIC microtiter plate method was pneumonia showing resistance had not been tested
used. Results showed that Moraxella catarrhalis for MIC. Furthermore, for Minimum bactericidal
demonstrated significant activity at low doses while concenfration (MBC) was monitored and the
Streptococcus pyogenes and Haemophilus influen- bactericidal effect of Curcuma longa was observed
zae showed moderate activity (Table 2). Klebsiella after incubation for tested isolates.

Table 2: Minimum Inhibitory Concentration (MIC) of Respiratory Tract Isolates.

Pure Curcuma longa Processed Curcuma longa MIC
Organism
MIC (mg/ml) (mg/mil)
Moraxella catarrhalis 25 25
Streptococcus pyogenes 50 50
Haemophilus influenza 50 50

Qualitative analysis of the phytochemicals of both ones (Table 3). Processing and packaging proce-
pure and processed Curcuma longa extracts dures may damage the phytochemical compo-
revealed that the components in pure Curcuma nents of the processed Curcuma longa.

longa are more profoundly present than processed

Table 3: Qualitative Analysis of the Phytochemical Constituents of Pure and Processed Curcuma longa.

3- No. Chemical Pure Processed
Constituents Curcuma longa Curcuma longa
1. Carbohydrates Present Present
2. Starch Present Present
3. Glycosides Present Absent
4. Alkaloids Present Present
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5. Phenols Present Present
6. Proteins Present Present
7. Tannins Present Absent
8. Terpenes Present Absent
9. Resins Present Absent
10. Saponins Absent Absent
1. Flavonoids Present Present
12. Phlobatannins Absent Absent

Moreover, the Cytotoxic analysis of pure and
processed Curcuma longa expresses great variabili-
ty in results; on higher concentrations of 100mg/dl,
both results were not readable due to color concen-
tration. Cell treated with pure Curcuma longa

showed 88% viability at 50 mg/ml and 98% at 25
mg/ml respectively. While, in the case of processed
Curcuma longa the cell viability was reduced by
35%, and 60% viability was observed at 50mg/dl and
25mg/dl respectively, as depicted in Figure 2.

®m50mg/ml =m25mg/ml

90

Percentage of viable NIH3T3 cells

98
, 88

80—
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60 - 0 - .
50 - S—
40 s —
30— _ —
20 -
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Curcuma longa (Turmeric)

Y

Processed

Figure 2: Cytotoxic Analysis of Pure and Processed Curcuma longa at different concentrations

DISCUSSION

Curcuma longa (Turmeric) is fraditionally an active
agent due to its diverse therapeutic attributes. The
complex interactions of this compound with specific
pathogenic bacterial strains demand careful investi-
gation 2% The present study was focused on evalu-
atfing the antibacterial activity of Curcuma longa
against Moraxella catarrhalis, Haemophilus influen-
zae, Streptococcus pyogenes and Klebsiella pneu-
moniae commonly causing respiratory tract infec-
tions. Besides the antibacterial activity, this investi-
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gation explores Cytotoxicity and Phytochemical
composition of Curcuma longa.

The findings of antibacterial testing were compara-
ble for pure and processed Curcuma longa. The
largest zone of inhibition was formed by Moraxella
catarrhalis followed by Streptococcus pyogenes,
and Haemophilus influenzae whereas, no zone was
formed by Klebsiella pneumoniae conferring
resistance against both types of Curcuma longa
extract as shown in Table 1. For sensitive strains zone
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formation larger than 12 mm was considered as an
initiation value for active compounds?®. Several
studies have demonstrated the significantly higher
activity of Curcuma longa against Gram-positive
bacteria; as compared to Gram-negative bacteria.
The difference in responsiveness is mainly based on
the difference in the structure and components of
bacterial cell walls - %, However, interesting varia-
fions in sensitivity patterns emerged among the
tested Gram-negative bacteria in this study;
Moraxella catarrhalis displayed an enhanced
response, while Haemophilus influenzae demon-
strated a moderate reaction. Whereas, Klebsiella
pneumoniae exhibited resistance. These findings
aligned with prior research indicating that Curcuma
longa's effectiveness varies depending on the
specific microbial species and strain. Notably, the
sensitivity of bacterial species appears to be
independent of their genus classification, highlight-
ing a significant diversity in response to Curcuma
longa 3.

Both exiracts were further evaluated for MIC at
varying concentrations from 100mg/ml (1:2) to
3.12mg/ml (1:64). Moraxella catarrhalis showed the
lowest MIC values (25mg/ml) while Haemophilus
influenzae and Streptococcus pyogenes displayed
moderate sensitivity against Curcumin longa. These
findings were concordant with the research
conducted on the effect of Curcumin on respiratory
fract isolates depicting the moderate activity
against Haemophilus influenzae and Streptococcus
pyogenes *.

Furthermore, in the current study phytochemical
composition of Curcuma longa (Turmeric) was
analyzed as shown in Table 3. The chief biologically
active component of Curcuma longa is Curcumin,
which is a yellow phytochemical, hydrophobic, and
polyphenol compound . General Glycosides,
Carbohydrates, Starch, Flavonoids, Alkaloids,
Phenols, and Proteins were present in both pure and
processed Curcuma longa. Tannins, Terpenes, and
Resins were present in pure Curcuma longa. While
Saponins and Phlobatannins were absent in both
pure and processed Curcuma longa. The presence
of general Clycosides, Carbohydrates, Starch,
Flavonoids, Alkaloids, Phenols, and Proteins in both
the pure and processed Curcuma Longa highlights
the healthy and constant composition. Glycosides,
Carbohydrates, and Starch offer nutritive value,
while Flavonoids and Phenols provide antioxidant
properties, supporting cellular protection and mod-
erate oxidative stress. Alkaloids suggest potential
bioactive properties that could be explored for
medicinal purposes, and the presence of proteins
shows the nutritional value of Curcuma longa. The
presence of Tannins, Terpenes, and Resins in the
pure Curcuma longa underlines its potential as a
therapeutic agent **. However, the absence of
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Tannins, Terpenes, and Resins in the processed
Curcuma longa is probably due to the refinement
and purification processes employed.

The Cytotoxicity of Curcuma longa (Turmeric) pure
and processed ethanolic extracts were assessed on
NIH3T3 mouse fibroblast cell line using MTS assay. The
results revealed significant variances in cell viability
between the two exiract types (Figure 3). Pure
Curcuma longa exhibited high cell viability (88% and
98%). The processed Curcuma longa exhibited
varying cytotoxicity patterns. At the concentration
of 50mg/ml cell viability was significantly lower (35%)
whereas, at 25mg/ml cell viability increased to 60%.
These results highlight the importance of considering
the source and composition of Curcuma longa
when evaluating their safety and potential applico-
tions. Pure Curcuma longa appears safe for cells,
while the processed Curcuma longa exhibits
dose-dependent cytotoxicity. This study offers essen-
tialinsights into the cytotoxicity patterns exhibited by
Curcuma longa, extending our understanding of
their safety and potential applications in Medicine
and Biotechnology.

CONCLUSION

This study highlights Curcuma longa (Turmeric)
anfibacterial potentfial against respiratory patho-
gens, with varying MIC values emphasizing the need
for standardized testing. Phytochemical analysis
reveals its diverse composition, suggesting pharma-
cological significance. The presence of compounds
like flavonoids suggests its therapeutic potential. The
crude exiract's complex profile includes Tannins,
Terpenes, and Resins. Furthermore, Cytotoxicity
testing shows ethanolic extracts of pure Curcuma
longa are safe for cells. Its antibacterial effects align
with addressing antimicrobial resistance, contribut-
ing to universal health coverage with access to safe
medicines.
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