ISSN: 2322 - 0902 (P)
ISSN: 2322 - 0910 (O)

International Journal of Ayurveda
and Pharma Research

Review Article

PROTECTIVE EFFECT OF PASTEURIZED CAMEL MILK (USHTRA KSHEERA) AGAINST
PALMITIC ACID-INDUCED APOPTOSIS IN HEPG2 CELLS: AN ANNEXIN V/PROPIDIUM
IODIDE FLOW CYTOMETRIC STUDY

Drishya Satheesh*, Shincymol V V2, P Y Ansary3, Greeshma K C4

*1PG Scholar, 3Professor & Head, *Assistant Professor, Department of Dravyaguna Vigyana, Government Ayurveda

College, Tripunithura,

zProfessor, Department of Dravyaguna Vigyana, Government Ayurveda College, Thiruvananthapuram,Kerala,India.

Article info

Article History:

Received: 19-08-2026
Accepted: 18-09-2026
Published: 04-10-2026

KEYWORDS:

Pasteurized Camel
milk, Ushtra
Ksheera, HepG2,
Palmitic acid,
Apoptosis, Flow
cytometry.

ABSTRACT

Palmitic acid-induced lipotoxicity is associated with cellular injury and apoptosis in
hepatocyte-derived cell models. Annexin V/propidium iodide (PI) flow cytometry permits
discrimination of viable, early apoptotic, late apoptotic/dead and debris populations. The
present study evaluated the protective effect of pasteurized camel milk (Ushtra Ksheera)
against palmitic acid-induced apoptosis in HepG2 cells. Materials and Methods: HepG2
cells were exposed to palmitic acid (300uM) for 1 hour and subsequently treated with
pasteurized camel milk at 12.5pL/mL for 24 hours. Untreated control and palmitic-acid-
induced groups were maintained. Cells were stained with Muse™ Annexin V & Dead Cell
Reagent and analysed by flow cytometry. Three observations were available for each
experimental group and results were expressed as mean+SD. Results: The mean viable-cell
population was 88.18+0.15% in control cells and decreased to 69.98+0.33% following
palmitic acid exposure. Treatment with pasteurized camel milk increased the viable
population to 79.32+0.69%. The mean late apoptotic/dead population decreased from
27.50%£0.24% in the palmitic acid group to 16.39+1.21% after treatment with pasteurized
camel milk. The calculated total apoptotic population from the mean early- and late-
apoptotic fractions was 11.53% in control, 29.45% in palmitic acid and 20.36% in the camel
milk-treated group. Conclusion: Under the experimental conditions studied, pasteurized
camel milk was associated with improved cell viability and a lower overall apoptotic
fraction in palmitic acid-stressed HepG2 cells, with the principal change occurring in the late
apoptotic/dead population. These findings support further investigation using molecular
apoptotic markers.

INTRODUCTION

Apoptosis is a regulated form of cell death
characterized by biochemical and morphological
changes that include phosphatidylserine
externalization, chromatin condensation and, in later
stages, loss of membrane integrity.[!l Externalization of
phosphatidylserine provides the basis for Annexin V-
based detection of apoptotic cells, while propidium
iodide (PI) identifies cells with compromised
membrane integrity.[23]
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The combined Annexin V/PI approach therefore
permits separation of viable cells from early apoptotic
and late apoptotic/dead populations.

HepG2 cells are widely used as an in vitro
hepatic model for investigating lipid-induced cellular
injury. Palmitic acid, a saturated fatty acid, has been
shown to reduce HepG2 cell viability and promote

apoptosis. Experimental studies have associated
palmitate-induced  injury  with  mitochondrial
dysfunction, oxidative stress and apoptotic

signalling.l*-6] Thus, palmitic acid-stressed HepG2 cells
provide a relevant experimental system for examining
agents that may attenuate cellular injury.

Camel milk is a nutrient-rich milk containing
proteins, peptides, vitamins and other bioactive
constituents. Reviews of the available literature
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describe antioxidant and anti-inflammatory activities
associated with camel milk and its components.[”]
Experimental studies have also investigated camel
milk and its constituents in HepG2 cells, including
effects on cellular survival and apoptotic signalling.[®!
However, the effect of pasteurized camel milk on
palmitic acid-induced apoptosis assessed directly by
Annexin V/PI flow cytometry remains to be further
characterized.

Therefore, the present study was undertaken
to evaluate the protective effect of pasteurized camel
milk (Ushtra Ksheera) against palmitic acid-induced
apoptosis in HepG2 cells using Annexin V/PI flow
cytometry, with particular emphasis on the
distribution of viable, early apoptotic, Ilate
apoptotic/dead and dead-cell populations.
MATERIALS AND METHODS
Study design and cell treatment

HepG2 (human hepatic) cells were cultured
according to the established cell-culture procedure
used for the study. Palmitic acid at a concentration of
300uM was added to the cells and incubated for 1
hour. The cells were subsequently treated with
Pasteurized Camel milk at 12.5uL/mL and incubated
for 24 hours at 37°C in a humidified incubator
containing 5% CO,. Untreated control cells and
palmitic-acid-induced cells were maintained in
parallel.
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Annexin V/PI flow-cytometric analysis

Following treatment, cell samples were
transferred to 12x75mm polystyrene tubes. The
samples were centrifuged at 3000 rpm for 5 minutes
and the supernatant was removed without disturbing
the cell pellet. A volume of 100pL of Muse™ Annexin V
& Dead Cell Reagent was added to each tube. Samples
were mixed thoroughly by pipetting or vortexing for
3-5 seconds and incubated for 20 minutes at room
temperature in the dark. Cells were then analysed
using a Muse flow cytometer and Muse FCS 3.0
software. Gating was performed against untreated
control cells. The assay distinguishes Annexin V-/PI-
viable cells, Annexin V+/PI- early apoptotic cells,
Annexin V+/Pl+ late apoptotic/dead cells and Annexin
V-/Pl+ debris/dead populations.[23]

RESULTS AND DISCUSSION

Annexin V/PI flow cytometry demonstrated
distinct changes in the distribution of HepG2 cell
populations following palmitic acid exposure and
subsequent treatment with pasteurized camel milk.
The representative control profile showed a
predominantly viable population, whereas palmitic
acid exposure was associated with a visibly larger late
apoptotic/dead population. Following treatment with
pasteurized camel milk, the viable population
increased and the late apoptotic/dead population
decreased. The representative flow-cytometric profiles
are presented in Figures 1-3.
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Fig. 1: Annexin V/PI flow-cytometric profile of untreated control HepG2 cells. The representative
population profile and apoptosis quadrant distribution show the predominantly viable cell population
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Fig. 2. Annexin V/PI flow-cytometric profile of palmitic acid-treated HepG2 cells. Palmitic acid exposure
produced an increased late apoptotic/dead population compared with untreated control
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Fig. 3. Annexin V/PI flow-cytometric profile of palmitic acid-exposed HepG2 cells treated with pasteurized
camel milk (12.5 pL/mL). The profile shows increased viable cells and reduced late apoptotic/dead cells
compared with palmitic acid alone

As shown in Table 1, the mean viable-cell
population decreased from 88.18+0.15% in the
untreated control to 69.98+0.33% following palmitic
acid exposure. Treatment with pasteurized camel milk
increased the viable population to 79.32+0.69%. The
mean late apoptotic/dead population increased from
10.35%£0.26% in the control to 27.50+0.24% after
palmitic acid exposure and subsequently decreased to
16.39+1.21% after camel milk treatment.

The early apoptotic population showed a mean
value of 1.18+0.06% in control, 1.95%£0.14% after
palmitic acid exposure and 3.97+0.69% after camel
milk treatment. Although the early apoptotic fraction
was higher in the treated group than in the palmitic
acid group, the substantially lower late apoptotic/dead
fraction resulted in a lower calculated overall
apoptotic fraction. The mean dead-cell/debris fraction

remained low across the groups (0.30+0.05%,
0.56+0.05% and 0.32+0.16%, respectively).
The calculated total apoptotic fraction,

obtained by adding the early apoptotic and late
apoptotic/dead fractions, was 11.53% in control,
29.45% in palmitic acid-treated cells and 20.36% in
the camel milk-treated group. Thus, compared with
palmitic acid alone, camel milk treatment was
associated with an absolute reduction of
approximately 9.09 percentage points in the calculated
apoptotic fraction. The corresponding summary is
illustrated in Figure 4.

The increase in apoptosis following palmitic
acid exposure is consistent with earlier experimental
observations that saturated fatty acids can induce
hepatocellular lipotoxicity and apoptosis in HepGZ2
cells.*+6] The present observations extend this model
by demonstrating the population-level effect using
Annexin V/PI flow cytometry. The reduction in the late
apoptotic/dead population after camel milk treatment
is compatible with a protective cellular effect under the
present experimental conditions. Previous literature
has described antioxidant and anti-inflammatory
activities of camel milk and has also reported effects of
camel milk on survival and apoptotic signalling in
HepG2 cells.[”8 However, the present experiment does
not establish a specific molecular mechanism, and the
observed effect should therefore be interpreted as a
preliminary protective association.

An important observation is the increase in the
early apoptotic fraction after camel milk treatment.
Annexin V positivity reflects phosphatidylserine
externalization and should be interpreted together
with membrane-integrity markers and the overall
population distribution.[23] The present data therefore
suggest that the principal change associated with
camel milk treatment was a reduction in the late
apoptotic/dead population rather than complete
elimination of apoptotic signalling. Further studies
incorporating  caspase  activity, = mitochondrial
membrane potential, reactive oxygen species and
apoptosis-related gene/protein expression would help
clarify the mechanism.

Table 1: Flow Cytometric Analysis of Apoptotic Cell Population in Hepg2 Cells: Mean # SD of Triplicate Observations

Cell population Control Palmitic acid g:lsrtr::lltllrci:;(lldc;mel milk Interpretation
Live (LL) 88.18+0.15 | 69.98+0.33 | 79.32+0.69 Viable cells

Early apoptotic (LR) 1.18 £ 0.06 1.95+0.14 3.97 £ 0.69 Annexin V+/PI-
Late apoptotic/ dead (UR) | 10.35+0.26 | 27.50+0.24 |16.39+1.21 Annexin V+/PI+
Dead/debris (UL) 0.30 £ 0.05 0.56 £0.05 0.32£0.16 Annexin V-/PI+
Calculated total apoptotic* | 11.53 29.45 20.36 ggggt;tliit/e dead
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*Values are mean + SD for n=3 observations except calculated total apoptotic fraction, which is the sum of the
corresponding mean early- and late-apoptotic/dead fractions. Percentages represent gated populations.

CONCLUSION

Pasteurized camel milk (Ushtra Ksheera) at
12.5uL/mL was associated with improved viability and
attenuation of the late apoptotic/dead cell population
in HepG2 cells subjected to 300uM palmitic acid. The
mean viable population increased from 69.98% with
palmitic acid alone to 79.32% after camel milk
treatment, while the mean late apoptotic/dead
population decreased from 27.50% to 16.39%. The
findings indicate a preliminary protective effect under
the experimental conditions used. Further
investigations with larger replicate numbers,
inferential statistical testing and molecular markers of
apoptosis are warranted to confirm and elucidate this
effect.
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