Original Article

Liver Histopathology of Trypanosoma-Infected Albino Rats when
Treated with Zingiber Officinale and Curcuma Longa

NDINYELUM, Onyebuchi Miracle; UFELE-OBIESIE, Angela Nwogor; IKEH, Ifeanyi
Mulumba; AZAKA, Ebele Ijeoma; NDUBUISI, Chizoba Favour; ANYAMENE,
Benedette Ifeoma; IFEJIKA, Okenne Confidence; UMEH, Uchechukwu Faith and
NWAFE, Chukwuemeka Nwabunwanne

Department of Zoology, Faculty of Biosciences, Nnamdi Azikiwe University,
Awka, Anambra State, Nigeria

How to cite this articlee NDINYELUM, Onyebuchi Miracle; UFELE-OBIESIE, Angela Nwogor; IKEH, Ifeanyi
Mulumba; AZAKA, Ebele Ijeoma; NDUBUISI, Chizoba Favour; ANYAMENE, Benedette Ifeoma; IFEJIKA, Okenne
Confidence; UMEH, Uchechukwu Faith and NWAFE, Chukwuemeka Nwabunwanne. Liver Histopathology of
Trypanosoma-Infected Albino Rats when Treated with Zingiber Officinale and Curcuma Longa. International Journal of
Contemporary Pathology / Vol 12 No. 1, January-June 2026

Abstract

This study evaluated the hepatoprotective effects of Zingiber officinale and Curcuma longa on liver histopathology in
Trypanosoma brucei brucei-infected albino rats. A total of 25 rats were randomly assigned into five groups: uninfected
control, infected untreated control, and three infected groups treated with ginger, turmeric, and a combination of both,
respectively. Following infection and treatment, liver tissues were harvested, processed, and examined histologically using
standard staining procedures. Data were analyzed qualitatively based on microscopic observations. Histopathological
findings revealed normal hepatic architecture in the uninfected control group, while the infected untreated group
showed severe vascular congestion, hepatocellular degeneration, and inflammatory infiltration. The ginger-treated group
exhibited persistent pathological changes similar to the untreated group, indicating limited hepatoprotective effect.
In contrast, the turmeric-treated group showed marked restoration of hepatic architecture with minimal inflammation,
suggesting significant hepatoprotective and anti-inflammatory activity. The combined treatment group demonstrated
moderate improvement but did not achieve the level of recovery observed with turmeric alone. These findings indicate
that Curcuma longa possesses superior hepatoprotective potential against trypanosome-induced liver damage compared

to Zingiber officinale.

Keywords: Zingiber officinale, Curcuma longa, liver histopathology, albino rats, Trypanosoma brucei brucei

Corresponding Author: Ndinyelum, O. M. Department of Zoology, Nnamdi Azikiwe University, Awka,
Anambra State, Nigeria.

E-mail: onm.ndinyelum@unizik.edu.ng

Submission: May 20, 2026 Revision: June 30, 2026 Published date: July 4,2026

This is an Open Access journal, and articles are distributed under a Creative Commons license-
CC BY-NC 4.0 DEED. This license permits the use, distribution, and reproduction of the work in any
medium, provided that proper citation is given to the original work and its source. It allows for attribution,
non-commercial use, and the creation of derivative work



20 International Journal of Contemporary Pathology / Vol 12 No. 1, January-June 2026

Introduction

The liver is the largest internal organ and a
central metabolic hub, playing indispensable roles in
nutrient metabolism, detoxification, immune
surveillance, and biosynthesis of essential bio-
molecules. Its functional versatility is underpinned
by a highly specialized and intricately organized
enables efficient

histological architecture that

coordination between vascular, biliary, and
cellular components’. Histological evaluation of
the liver therefore provides critical insights into
both physiological homeostasis and pathological
alterations, making it a cornerstone of experimental
and clinical hepatology? At the microscopic level,
the liver is composed of parenchymal and non-
parenchymal elements arranged into functional
units commonly described as hepatic lobules,
portal lobules, or acini®. The hepatic parenchyma
is predominantly formed by hepatocytes, which
constitute approximately 80% of the liver mass and
exhibit extensive metabolic capacity due to their
rich cytoplasmic organelle content’. These cells are
organized into plates radiating from the central vein,
forming a highly ordered structure that facilitates
efficient exchange of metabolites, nutrients, and

waste products®.

Trypanosomiases can be significant diseases of
domestic and wild mammals, affecting millions
of livestock in Africa, the Americas and Asia,
with humans mostly in the tropics, like Africa and
Latin America®. These pathogenic trypanosomes
mainly inhabit the host’s blood and lymph, but do
occur sometimes in the cerebrospinal fluid (CSF)
and other host tissues, and some of them have
intracellular stages®. The parasite causes tissue
damage by utilization of metabolites, excretion of
toxic substances, mechanical damage to the host’s
tissue and immune mediated injuries and put strain
on such organs as the liver”.

Recent advances in liver histology have

increasingly emphasized the dynamic interplay
between cellular architecture and function,
particularly in the context of disease'. Alterations

in sinusoidal structure, endothelial function, and

hepatocyte organization have been linked to a
wide spectrum of liver pathologies, including
fibrosis, cirrhosis, and metabolic liver diseases®.
Histological assessment remains essential for under
standing these pathological processes, as structural
disruptions often precede clinical manifestations
and biochemical changes®. Furthermore, emerging
technologies such as three-dimensional tissue
modeling and advanced imaging have enhanced
our understanding of liver microanatomy and
its relationship to physiological and pathological

states®1°,

Two important plants that could be of great
boosting effect on the liver —ginger (Zingiber officinale)
and turmeric (Curcuma longa). Both raw turmeric
and ginger are naturally loaded with antioxidants
facilitate the
healing of several ailments and common health

and nutrients. These properties
issues by improving different organ function.
Since they possess these properties, they serve to
reduce inflammation, support immune system,
and improve blood flow and digestion, as well as
maintain a good body weight and organ function™ 2.

The implications of this study for public health

are particularly significant in regions where
trypanosomiasis remains endemic and healthcare
resources are limited. In many parts of sub-Saharan
Africa, including rural communities in Nigeria,
the burden of parasitic infections is compounded
by limited access to early diagnostic tools such as
histopathology, leading to delayed detection of liver
damage and poor clinical outcomes®. Understanding
liver histoarchitecture in the context of trypanosome
infection can enhance early disease recognition
and inform targeted interventions. Moreover, the
exploration of accessible, plant-based therapeutic
agents like ginger and turmeric offers a cost-effective,
culturally acceptable strategy for mitigating hepatic
injury and improving overall health'. Integrating
such evidence into public health frameworks could
support preventive healthcare, reduce disease
burden, and strengthen resilience in low-resource
settings where conventional treatments may be

scarce or unaffordable.
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Materials and Methods
Study Area

This research study was conducted at the Zoology
Research Centre in the Faculty of Biosciences,
Nnamdi Azikiwe University, Awka, Anambra State,
and lasted for a period of five (5) weeks.

Ethical Clearance

The study adhered to ethical guidelines for
the ethical treatment of animals during capture,
handling, and sample collection. Necessary permits
were obtained from the Animal Research Committee
of Nnamdi Azikiwe University, Awka. The certificate
with ref. no.; NAU/AREC/2024/ 010 5.

Trypanosome Parasite Procurement and Man-
agement: T. brucei bruceiparasites were obtained
with permission from the trypanosome bank of
NITR, head office, Kaduna. The parasites were
then inoculated into two rats and transported
down to Nnamdi Azikiwe University, Awka in a
transportation box measuring 40 x 20 x 20 cm3 to
ensure adequate ventilation.

Trypanosome Inoculation: One millilitre (1 ml)
of T. brucei brucei-infected blood was taken from
a donor rat and diluted with normal saline. The
diluted blood containing approximately 1.25 x 10°
parasites was used to inoculate the experimental
animals from groups B - E via the intraperitoneal
route'?. Parasitaemia in the experimental animals was
microscopically estimated on day three post-infection
(PI), and the test confirmed wriggling movement
of approximately above 1.25 x 10° Trypanosoma
parasites'> .

Animals Procurement and Experimental Design:
A total of 25 male albino Wistar rats at about 5 - 6
weeks old weighing between 60 - 70 grams obtained
from the Faculty of Veterinary Sciences, University
of Nigeria, Nsukka were used for the study. The
rats were transported to the research station in a
transportation box measuring 40 x 20 x 20 cm3 to
ensure ventilation. The rats

adequate were

acclimatized for two weeks before the experiment

began and randomly housed in 5 stainless steel
metabolic cages laid out in a complete randomized
design (CRD) of five treatments and fed with
commercial food (Vital Feed Broiler Starter, 18.00
+ 0.50 g/100 g crude protein, and 2106.00 kcal/kg
metabolizable energy, Vital Feed, Grand Cereals
Limited, Jos, Plateau State, Nigeria) and water two
times daily (9am and 5pm)"'.

The experimental rats were of homogenous
sizes and randomly stocked into one cage (24 x 24
cm?2) per treatment at the rate of five rats per cage.
The treatments were labelled A - E as follows;
Group A, positive control (uninfected rats, fed 1000
g of chick mash), Group B, negative control (infected
rats, fed 1000 g of chick mash), Group C (infected
rats, fed with 10 g of Z. officinale mixed in 1000 g of
chick mash), Group D (infected rats, fed with 10 g of
C. longa mixed in 1000 g of chick mash), and Group
E (infected rats, fed with 5 g of Z. officinale and 5 g
of C. longa mixed in 1000 g of chick mash). The
ratio of supplement to feed was according to'®, who
reported that the inclusion of 2% ginger powder, a
polyphenolic compound, specifically 6-gingerol,
enhances iron absorption in humans (as confirmed
in the experimental Wistar rats), mitigate iron
deficiency anaemia, and protect against iron-induced
oxidative damage in various tissues. 2% inclusion per
feed translates to 20 g/1000 g; making 10 g/1000 g
very attainable.

Histological Analysis: Following necropsy, liver
tissues were collected from representative animals
in the control and experimental groups and
immediately fixed in 10% neutral buffered formalin
for 24-48 hours. Histological processing was carried
out at IFEs Histopathology Laboratory, Awka,
Anambra State, using standard paraffin-embedding
techniques. Briefly, tissues were dehydrated through
graded ethanol, cleared in xylene, infiltrated with
molten paraffin wax, and embedded in paraffin
blocks. Sections of 4-5 pm thickness were prepared
using a rotary microtome, mounted on glass slides,
and stained routinely with hematoxylin and
eosin (H&E). The stained sections were examined
under a light microscope to evaluate hepatic
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architecture, cellular integrity, and any histo-
pathological lesions or tissue alterations using

established histopathological criteria'.

Semi-Quantitative Histopathological Scoring
(Modified Ishak System): To enhance objectivity
and reproducibility, liver histopathological changes
were evaluated using a modified Ishak scoring
system adapted for experimental animal studies.
(H&E)-stained
sections were examined under a light microscope

Hematoxylin and eosin liver
at magnifications of x100 and x400.The assessment
focused on key indices of hepatic injury, including
hepatocellular degeneration (vacuolation/ballooning),
necrosis, inflammatory cell infiltration, sinusoidal
congestion, and disruption of hepatic architecture.
Each feature was graded on a scale of 0-4 based on

severity and extent of involvement:

0 = No lesion (normal histology)

1 = Minimal change (focal involvement, <25%
of tissue)

2 = Mild change (25-50% of tissue affected)
3 = Moderate change (50-75% of tissue affected)

4 = Severe change (>75% of tissue affected)

In addition, where applicable, fibrosis was
evaluated separately using an adapted staging
component of the Ishak system:

0 = No fibrosis
1 = Fibrous expansion of some portal areas
2 = Fibrous expansion of most portal areas

3 = Bridging fibrosis (portal-portal or portal-
central)

4 = Cirrhosis or advanced fibrosis

For each specimen, at least five randomly
selected, non-overlapping microscopic fields were
analyzed, and the mean score for each parameter
was calculated. A total histopathological score was
obtained by summing the individual lesion scores for
each animal.

Data Analysis: The data collected on the

histopathology = analysed via a qualitative
(descriptive) where careful visual examination of
tissue sections under a microscope was carried out;
identification and description of morphological
features were examined and compared with tissue
structure between control and treated groups.
Also a quantitative analysis where all slides were
coded and assessed in a blinded manner by an
experienced histopathologist to reduce observer
bias. Data were expressed as mean * standard error
of the mean (SEM) for each experimental group
and subjected to appropriate statistical analysis to
determine intergroup differences. Tuckey post hoc
test was used to determine the significant difference

between groups.
Result

The liver section from Group A exhibited normal
hepatic architecture, characterized by a well-defined
central vein, radiating hepatic cords, and intact
sinusoidal spaces. Hepatocytes appeared uniform,
polygonal, and well-organized, with no evidence
of cellular degeneration, necrosis, or inflammatory
infiltration in either the hepatic lobules or portal
triads. The absence of portal or lobular inflammation
indicates preserved hepatic function and confirms
the suitability of this group as a baseline control.
Overall, this histological presentation is consistent
with a healthy, non-injured liver, reflecting normal
metabolic and detoxification capacity.
| -

i

Plate 1: Histopathology of group A liver
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Table 1.
Scoring of Liver Sections in Group A - Modified
Ishak System

Semi-Quantitative Histopathological

Histopathological | Description of
. Score
Parameter Lesion
No evidence of
Vascular congestion; normal 0
Congestion central vein and
sinusoidal spaces
No inflammatory
Inflammatory Cell | cells observed in 0
Infiltration lobular or portal
regions
Hepatocyt
Hepatocellular e_pa ocyres
. uniform, polygonal, 0
Degeneration .
and well-organized
Hepatocellular No necrotic 0
Necrosis changes observed
Intact hepati d
Architectural fiact iepatic coras
. . and normal lobular 0
Disruption
arrangement
Cumulative Overall absence of 0
Injury Score hepatic damage

Liver sections from Group B demonstrated
marked pathological alterations, including severe
vascular congestion, particularly within the central
veins and surrounding sinusoids. The hepatic
lobules showed extensive inflammatory cell
infiltration, with hepatocytes appearing swollen,
distorted, and in some areas indistinguishable due
to cellular damage. Inflammation extending into
the portal areas suggests a diffuse inflammatory
response, likely driven by infection-induced
oxidative stress and immune activation. These
features indicate acute hepatic injury, compromised
microcirculation, and potential impairment of
hepatocellular function. The extensive deviation
from the normal architecture observed in Group A
underscores the damaging impact of infection in

the absence of therapeutic intervention.

Plate 2: Histopathology of group B liver

Table 2.
Scoring of Liver Sections in Group B - Modified
Ishak System

Semi-Quantitative Histopathological

Histopathological | Description of
. Score

Parameter Lesion

Severe congestion
Vascular of central veins and 4
Congestion sinusoids, widely

distributed

Diffuse infiltration
Inflammatory Cell | extending from 4
Infiltration lobular regions into

portal areas

Marked swelling,
Hepatocellular distortion, and 15
Degeneration loss of hepatocyte '

integrity

Areas of cell
Hepatocellular loss with 3
Necrosis indistinguishable

hepatocytes

Severe distortion
Architectural of hepatic lobules 4
Disruption and loss of normal

arrangement
Cumulative Overall severity of 185
Injury Score hepatic damage '
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The liver section from Group C revealed
persistent pathological features, including vascular
congestion and inflammatory changes within both
the central vein and hepatic lobules. Hepatocytes
appeared disorganized and poorly defined,
suggesting ongoing cellular degeneration and
incomplete tissue recovery. Although treatment
with Zingiber officinale was administered, the
histological architecture remained closely comparable
to that of the untreated infected group (Group B),
indicating that the ginger treatment alone provided
limited hepatoprotective or anti-inflammatory effect

under the conditions of this study. The continued
presence of inflammation suggests insufficient
mitigation of infection-induced hepatic injury.

Plate 3: Histopathology of group C liver

Table 3.
Scoring of Liver Sections in Group C - Modified
Ishak System

Semi-Quantitative Histopathological

Histopathological | Description of Score
Parameter Lesion
Persistent
Vascular congestion in 35
Congestion central vein and '
sinusoids
Ongoing
inflammator
Inflammatory Cell . y
. changes in lobular 3.5
Infiltration
and vascular
regions

Disorganized,
ly defined
Hepatocellular poorly detine
. hepatocytes 3

Degeneration o

indicating cellular

degeneration

Evid f ti
Hepatocellular . Yl ence. © 1551'1e

. injury with partial 25

Necrosis

cellular loss

Distortion

f hepati
Architectural of hepatic
Disruption arrangement, 3
P though slightly less

than Group B
Cumulative Moderate to severe 15.5
Injury Score hepatic damage ’

In contrast, liver sections from Group D showed
substantial histological improvement. The hepatic
architecture closely resembled that of the normal
control, with a clearly defined central vein,
preserved hepatocyte arrangement, and largely
intact sinusoidal spaces. Only minimal inflammatory
changes were observed in the portal region, with no
significant lobular inflammation or hepatocellular
This appearance
indicates that Curcuma longa exerted a pronounced

degeneration. near-normal
hepatoprotective and anti-inflammatory effect, likely
through modulation of oxidative stress, inflammatory
mediators, and cellular repair mechanisms. The
findings suggest effective restoration of hepatic
structural integrity compared to Groups B and C.

s

e -7 g - 5
= - '"—'I" Jh‘ o : -

Plate 4: Histopathology of group D liver
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Table 4.
Scoring of Liver Sections in Group D - Modified
Ishak System

Semi-Quantitative Histopathological

Histopathological | Description of
. Score

Parameter Lesion

No significant
Vascular congestion; 05
Congestion normal vascular '

architecture

Minimal

inflammatory
Infl tory Cell

.amn.1a O~ | cells confined 1

Infiltration .

mainly to portal

areas

Hepatocytes
Hepatocellular largely normal 0.5
Degeneration with preserved '

morphology
Hepatocellular No evidence of 0
Necrosis necrosis observed

Hepatic lobular
Architectural structure closely 0.5
Disruption resembles normal '

control

Minimal hepati
Cumulative Injury | , .1n1ma epatic

injury / near- 2.5
Score .

normal histology

Liver sections from Group E showed a mixed
While the
vein appeared relatively clear, there were still

histopathological outcome. central
inflammatory vessels and areas of tissue damage
evident within the hepatic parenchyma. The per-
sistence of inflammation and structural disruption
indicates that the combined treatment did not
achieve the level of hepatic recovery observed with
C. longa alone. Notably, the histological features in
this group remained more similar to the untreated
infected group (Group B) than to the normal
control, suggesting a possible lack of synergistic
hepatoprotective interactionbetween Z. officinale and
C. longa in this experimental context. This outcome
may reflect dose interactions, pharmacodynamic
insufficient

interference, or anti-inflammatory

potency of the combined regimen.

— SR SN . |
L
ad
Plate 5: Histopathology of group C liver
Table 5. Semi-Quantitative Histopathological
Scoring of Liver Sections in Group E - Modified
Ishak System
Histopathological | Description of
P & . P Score
Parameter Lesion
Mild to moderate
vascular
Vascular alterations; central 25
Congestion vein relatively ’
clear but some
congestion present
Persistent
infl t
Inflammatory rammatory
. ; vessels and 3
Cell Infiltration
parenchymal
infiltration
Areas of tissue
Hepatocellular damage with 25
Degeneration partial hepatocyte )
degeneration
Hepatocellular Focal necrotic 2
Necrosis changes present
Partial disruption
Architectural of hepatic 25
Disruption architecture; not )
fully restored
Moderate hepatic
Cumulative injury; closer to 125
Injury Score infected untreated ’
group than control
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ANOVA Analysis of Semi-Quantitative Histo-
pathological Scoring of Liver Sections in all
groups - Modified Ishak System

One-way ANOVA revealed that treatment
significantly influenced the severity of liver damage.
Based on Tukey post-hoc analysis, Group D was
the most efficacious treatment, reducing cumulative
injury scores to levels statistically comparable with
healthy controls. Group E conferred significant
but partial protection, while Group Cproduced
the least amelioration. These findings provide
histopathological evidence supporting the hepato-
protective potential of turmeric, with Group D

showing the greatest therapeutic promise.

Table 6. ANOVA Analysis of Semi-Quantitative
Histopathological Scoring of Liver Sections in all
groups - Modified Ishak System

Group Histopathological | Damage score
Parameters

Group A 5 0.00+0.00°

Group B 5 3.70£0.20¢

Group C 5 3.10£0.19

Group D 5 0.50+0.16°

Group E 5 2.5040.16°

Similar superscripts are not significantly different
at p>0.05

Discussion

The present study combined qualitative
histological observations with semi-quantitative
scoring to evaluate hepatic alterations in Trypanosoma
the effects of

interventions. The

brucei brucei-infected rats and

phytotherapeutic untreated
infected group (Group B) exhibited severe hepatic
injury, characterized by marked vascular congestion,
extensive inflammatory infiltration, hepatocellular
degeneration, and architectural distortion. These
findings were supported by a high cumulative
injury score (18.5), confirming significant liver
damage associated with trypanosome infection.

This observation aligns with previous reports
that trypanosome infections induce hepatic injury
through oxidative stress, inflammatory responses,
and metabolic disruption.

The semi-quantitative scoring further revealed
that treatment with Zingiber officinale (Group C)
resulted in only a modest reduction in injury
severity (score: 15.5), with persistent congestion,
inflammation, and  hepatocellular =~ damage.
Histologically, this group closely resembled the
untreated infected group, suggesting limited
hepatoprotective effect under the experimental
conditions. This contrasts with studies such as'’,
which reported near-normal hepatic architecture
following ginger treatment. Differences in dosage,
duration, or disease model may account for this
discrepancy. In contrast, Curcuma longa-treated rats
(Group D) demonstrated substantial histological
improvement, reflected by near-normal hepatic
architecture and a markedly reduced cumulative
injury score (2.5), comparable to the control group.
Minimal inflammatory infiltration and preserved
hepatocyte morphology were observed, indicating
a reduction in tissue damage. These findings are
consistent with previous studies® reporting the
tissue-protecting and anti-inflammatory properties
through

antioxidant activity and modulation of inflammatory

of turmeric, potentially mediated
pathways. The combined treatment group (Group E)
showed moderate improvement (score: 12.5), with
reduced but persistent inflammation and structural
disruption. Although some recovery was evident
compared to the untreated group, the level of
improvement did not reach that observed in the
turmeric-treated group. This suggests that the
combination of Z. officinale and C. longa did not
produce an additive or synergistic effect under
the conditions of this study; although combination
of other phytogenics in another study* produced
positive result.

Statistical analysis using one-way ANOVA and
Tukey post hoc test confirmed significant differences
in cumulative injury scores among groups, with
Group D showing lower

significantly scores

compared to Groups B, C, and E (p < 0.05), and
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values comparable to the control group. These results
provide quantitative support for the histological
observations and reinforce the relative differences
in treatment effects. Overall, the integration of semi-
quantitative scoring with histological assessment
improved the objectivity of the findings and allowed
for clearer differentiation of treatment outcomes
across experimental groups.

Conclusion

The study concludes that treatment with Curcuma
longa was associated with lower histopathological
injury scores and preservation of hepatic architecture
relative to infected untreated animals, while Zingiber
officinale showed comparatively limited improve-
ment under the conditions of this study. The
combined treatment produced moderate effects but
did not demonstrate enhanced outcomes compared
to C. longa alone. These findings indicate differential
responses to the tested plant treatments; however,
further studies are required to clarify underlying
mechanisms, optimize dosing, and evaluate broader
therapeutic relevance.
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