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ABSTRACT: Chronic kidney disease (CKD) is a progressive condition characterized by
declining renal function and is frequently accompanied by secondary anaemia. Phyllanthus
amarus is an important medicinal plant traditionally used for managing renal and urinary
tract disorders. This study evaluated the effects of an aqueous extract of Phyllanthus
amarus (PAAE) on haematological parameters and renal morphology in a Wistar rat
model of CKD, with kidney changes assessed by both gross examination and
histopathology following haematoxylin and eosin staining. Twenty-four adult male Wistar
rats were randomly allocated to four groups (n = 6): normal control, adenine control (100
mg/kg body weight), adenine (100 mg/kg body weight) + PAAE (100 mg/kg body
weight), and adenine (100 mg/kg body weight) + PAAE (200 mg/kg body weight).
Treatments were administered orally once daily for 28 days. Adenine administration
resulted in significant reductions in RBC count, haemoglobin concentration, and packed
cell volume. Gross examination revealed pale and irregular kidneys, while histological
assessment showed marked tubular dilation, crystal deposition, tubulointerstitial
alterations, and epithelial degeneration. Co-administration of PAAE at both doses
significantly improved RBC count, Hb concentration, and PCV compared with the
adenine-treated group. Renal morphology also improved following PAAE treatment, with
the 200 mg/kg dose producing greater restoration of the renal histological architecture.
Overall, the findings support the nephroprotective and haematinic potential of
Phyllanthus amarus in the experimental CKD model.

Chronic kidney disease (CKD) is characterized by progressive damage to glomerular, tubular, and interstitial structures,

ultimately resulting in a gradual loss of renal function, becoming one of the fastest-growing causes of death worldwide [1]. It is

characterised by proteinuria, a reduced glomerular filtration rate, and progressive glomerular, tubular, and interstitial damage

[2]. The main causes of CKD include hypertension, diabetes, advancing age, immune-related disease, glomerulonephritis, and

hereditary kidney disorders, and the condition is closely linked to systemic inflammation and oxidative stress that worsen as

renal function declines [3,4]. One of the earliest and most consistent systemic consequences of CKD is anaemia. As functioning
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renal mass is lost, the peritubular fibroblasts that normally produce erythropoietin are damaged, and the resulting fall in
erythropoietin output, together with a shortened red cell lifespan and a degree of iron-utilisation defect, produces a normocytic,
normochromic anaemia that contributes substantially to the fatigue, reduced exercise tolerance, and poor quality of life reported

by CKD patients [5].

The oral administration of adenine has been widely used as well as easily reproducible for inducing CKD in rodents. Upon
systemic entry, adenine is converted into 2,8-dihydroxyadenine, which precipitates within the tubular epithelial cells, specifically
localizing to the microvilli and the apical membrane of the cells. The process of this crystal deposition results in tubular
degeneration, interstitial inflammation and fibrosis, similar to many of the biochemical and structural features of human CKD,
establishing this as a standard model for pre-clinical renal disease studies [6,7].

Anaemia in CKD represents a critical complication. It strongly correlates with reduced exercise capacity, cognitive dysfunction,
compromised cardiac function, and increased mortality. Managing this haematological deficit through erythropoiesis-
stimulating agents (ESAs), iron supplementation, and novel therapeutics represents a vital pillar of chronic kidney disease care,
running parallel to interventions aimed at arresting renal function loss. Consequently, any therapeutic agent capable of exerting
dual efficacy by simultaneously stimulating erythropoiesis and mitigating structural renal damage holds profound clinical
significance [8].

Conventional therapies offer effective management for CKD complications, yet their widespread utility is constrained by
prohibitive costs, limited accessibility, and unfavourable side-effect profiles, sparking a shift toward botanical alternatives [8].
Phyllanthus amarus (also known as Phyllanthus niruri) is a small herbaceous plant of the family Euphorbiaceae, usually found in
central and southern India and in many other tropical regions. It has long been utilized in traditional medication for jaundice,
urogenital complaints, dysentery, dyspepsia, arthritis, hepatic disorders, and, notably, kidney and urinary stone disease, from
which it derives its popular name, "stone-breaker." Phytochemical studies have identified lignans, flavonoids, alkaloids, tannins,
and phenolic acids as its principal bioactive constituents, and pharmacological studies have documented antiviral, anticancer,

anti-inflammatory, antioxidant, anti-amnesic, and hepatoprotective activities for the plant [9-14].

A growing body of experimental work supports a protective part for Phyllanthus species in kidney as well as in the blood.
Ogunmoyole and colleagues reported that Phyllanthus amarus extract restored deranged biochemical parameters in a rat model
of combined hepatotoxicity and nephrotoxicity [15]. Reddy and colleagues demonstrated nephroprotective activity of a
methanolic extract of Phyllanthus niruri [16]. Nwankpa and colleagues showed that Phyllanthus amarus leaf extract improved
haematological parameters deranged by Salmonella typhi infection in albino rats, indicating that the plant can support red cell
parameters even outside the setting of primary renal disease [17]. In the specific context of the adenine model, restoration of
erythropoietin-driven erythropoiesis, as shown for Angelica sinensis polysaccharide, has been proposed as one route through

which plant-derived agents can correct CKD-associated anaemia [18].

Despite this background, the therapeutic efficacy of Phyllanthus amarns aqueous extract (PAAE) on the haematological profile
and renal morphology, as confirmed by both gross examination and H&E histopathological evaluation, in the adenine-induced
CKD model has not been specifically documented. The current study was therefore carried out to fill this gap, evaluating the
effect of PAAE at two oral doses on red cell indices, gross renal appearance, and microscopic kidney architecture in adenine-

induced CKD in Wistar rats, as part of a wider investigation into the renal and neuroprotective potential of this plant.
2. MATERIALS AND METHODS
2.1 Ethical clearance

Ethical clearance for the animal experiment was obtained from the Institutional Animal Ethics Committee (IAEC; Approval
No. YU/IAEC/25/2020). All experimental procedutes involving the animals wetre conducted in accordance with the

institutional requirements for animal welfare and research.
2.2 Experimental animals

Twenty-four healthy male Wistar albino rats, aged 9—10 weeks and weighing 250-300 g, were obtained from Liveon Biolabs
Pvt. Ltd., Tumakuru, Karnataka, India (CPCSEA registration No. 1610/RO-Bi-Bt/S/2012/CPCSEA). The animals were
maintained in polypropylene cages undet controlled laboratory conditions, with a 12-h light/datk cycle. Standatd pellet feed
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and drinking water were provided ad libitum throughout the experimental period. Prior to treatment, the rats were acclimatized
to the laboratory conditions for seven days.

2.3 Chemicals

Adenine was obtained from Durga Laboratory, Mangalore, Karnataka was used to induce chronic kidney disease in the

experimental animals.
2.4 Plant material and preparation of Phyllanthus amarus aqueous extract (PAAE)

Leaves of Phyllanthus amarus were collected, taxonomically identified, and authenticated by a botanist. A voucher specimen (No.
9749) was deposited at the Pilikula Herbarium for future reference. The collected leaves were shade-dried and then coarsely
powdered. An aqueous extract was prepared from 400 g of the powdered material using a Soxhlet apparatus, following the
method described previously [19]. The extract obtained was concentrated in a water bath maintained below 60°C, giving a yield
of 19% w/w. The dried extract was subsequently reconstituted in distilled water to the requited concentration and freshly

prepared for administration on each day of the experiment.
2.5 Experimental design and grouping

The animals were randomly assigned to four groups, each consisting of six rats, and received their respective treatments once

daily throughout the 28-day study period.

Group I: Normal control (Distilled water)

Group II: Adenine control (100 mg/kg body weight, orally)

Group I1I: Adenine (100 mg/kg body weight, orally) + PAAE (100 mg/kg body weight, orally)
Group IV: Adenine (100 mg/kg body weight, orally) + PAAE (200 mg/kg body weight, orally)
2.6 Sample collection

At the end of the 28-day treatment period, the rats were anesthetized, and blood samples were collected through cardiac
puncture into EDTA-containing tubes for subsequent haematological analysis. The animals were then humanely euthanized by
cervical dislocation. Both kidneys were promptly excised and rinsed with ice-cold saline to remove adhering blood and tissue
debris. The organs were photographed to document their gross morphology and subsequently fixed in 10% neutral buffered

formalin for histopathological examination.
2.7 Haematological analysis

Haematological assessment of the collected whole blood was performed using an automated analyser. The analysis included
determination of RBC count, Hb concentration, and PCV, along with the erythrocyte indices MCV, MCH, and MCHC.

2.8 Gross morphological examination of the kidney

Following dissection, both kidneys from each animal were examined for size, colour, and surface texture. Representative kidneys

from each experimental group were photographed under identical conditions to document gross morphological changes.
2.9 Histopathological examination

For histopathological examination, kidney tissues collected from the experimental groups were initially immersed in 10% neutral
buffered formalin for 48 h. Following fixation, the tissues underwent dehydration using ascending concentrations of ethanol
and were then processed with xylene as the clearing agent. The cleared specimens were infiltrated and embedded in paraffin
wax using an automated tissue processor. Sections measuring 5 um in thickness were prepared from the paraffin-embedded
tissues with a rotary microtome and transferred onto glass slides. The sections were subsequently subjected to haematoxylin
and eosin (H&E) staining. After staining, the slides were examined using a light microscope (Olympus, Tokyo, Japan), and
representative images were captured for subsequent histopathological assessment.
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2.10 Statistical analysis

The results for each experimental group (n = 6) were summarized as mean * SD. Statistical comparisons among the groups
were performed using one-way analysis of variance (ANOVA), with Tukey’s HSD test applied for post hoc multiple

comparisons. Differences were considered statistically significant when the p-value was below 0.05.
3. RESULTS
3.1 Effect of PAAE on haematological parameters

The erythrocytic parameters recorded for the different experimental groups are presented in Table 1. Compared with the normal
control (Group I), the adenine-treated group (Group II) showed a significant decline in RBC count, Hb concentration, and
PCV. The cottesponding values were 5.83 £ 0.41 X 10'2/L, 10.17 + 1.20 g/dL, and 36.83 £ 6.34% in Group 1I, compared
with 8.83 = 0.41 X 10'2/L, 14.33 + 0.52 g/dL, and 46.83 + 1.80%, respectively, in Group I. The differences were highly
significant for RBC count and Hb concentration (p < 0.001) and significant for PCV (p < 0.01). In contrast, the values of MCV,
MCH, and MCHC did not differ significantly between the adenine-treated and normal control groups. Taken together, the
reduction in RBC count, Hb, and PCV in the absence of appreciable changes in erythrocyte indices indicates a normocytic,
normochromic pattern of anaemia, consistent with the haematological abnormalities commonly associated with CKD.

Treatment with PAAE improved the red cell profile in both treatment groups. In Group 111, which received adenine together
with PAAE at 100 mg/kg, RBC count increased to 8.67 + 0.52 X 10'2/L, while Hb concentration and PCV reached 14.00 +
0.90 g/dL and 45.83 * 3.19%, tespectively. These values differed significantly from those observed in the adenine control
group, with p < 0.001 for RBC count and Hb concentration and p < 0.01 for PCV. A similar response was noted in Group IV
following administration of PAAE at 200 mg/kg. The RBC count, Hb concentration, and PCV in this group were 8.83 + 0.41
X 1012/L, 13.67 £ 0.52 g/dL, and 46.00 £ 2.37%, respectively, and wete significantly higher than those of Group II (p < 0.001
for RBC count and Hb; p < 0.01 for PCV). When the PAAE-treated groups were compared with the normal control, none of
the measured red cell parameters showed a significant difference, suggesting substantial restoration of the haematological
profile. No statistically significant differences were detected in MCV, MCH, or MCHC across the experimental groups.

Table 1: Effect of 28-day treatment with PAAE on haematological parameters

RBC MCV MCH MCHC
Group | Treatment Hb (g/dL) | PCV (%
P (102/1) (g/dL) O @y e | @y
46.83 + 55.68 = 16.50 £
I Normal (Distﬂled water) 8.83 £ 0.41 | 14.33 + 0.52 1.80 418 105 29.67 =+ 1.51
' + + + + +
o Adenine control (100 rng/kg 583+ 041 [ 1017 = 1.20 36.83 + 53.67 = 16.17 £ 30,00 + 1.10
b.W.) arer ane 6.34 2 3.56 0.76
A i 1 ko) + PAA .67 £0.52 | 14.00 £ 0. 83+ 217 = 15.84 £
I denine (100 rng/ g) P E 8.67 ***0 5 4 00*** 0.90 45.83 : 52.17 5.84 30,00 + 0.64
(100 mg/kg b.w.) b b 3.19b 2.23 0.99
' + + + + + +
v Adenine (100 mg/kg) PAAE 8.83 *_*0.41 13.67 *_ 0.52 46.00 _* 54.00 = 16.17 £ 20,50 + 0.84
(200 mg/kg b.w.) b = 2370 1.10 0.76

Data are presented as mean £ SD for six animals in each group (n = 6). Superscript “a” denotes a significant difference from
the normal control, whereas “b” denotes a significant difference from the adenine control. Significance levels are indicated by
*, ¥k and ¥, corresponding to P < 0.05, P < 0.01, and P < 0.001, respectively. Differences among groups were analysed by
one-way ANOVA followed by Tukey’s HSD multiple-comparison test. RBC, red blood cell; Hb, haemoglobin; PCV, packed
cell volume; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular haemoglobin

concentration; PAAE, Phyllanthus amarus aqueous extract.
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3.2 Gross morphological findings of the kidney

Figure 1 displays the gross appearance of representative kidneys from each experimental group. Kidneys from the normal
control group (Figure 1A) were smooth, reddish-brown, and bilaterally symmetrical. In contrast, the adenine control group
(Figure 1B) showed distinctly paler, mottled kidneys with a rough surface and irregular shapes. This altered morphology reflects
the characteristic crystal deposition and structural tissue damage of this model. Treatment with 100 mg/kg PAAE (Figure 1C)
resulted in noticeable tissue preservation, showing reduced surface irregularities and less pallor. Furthermore, the kidneys from
the 200 mg/kg PAAE group (Figute 1D) closely resembled the normal control organs in both colour and texture. Together,
these structural improvements indicate that PAAE protects the renal architecture in a dose-dependent manner.

A B

Figure 1. Gross appearance of representative kidneys across experimental groups. (A) Group I (Normal control): smooth,
reddish-brown capsular surface. (B) Group II (Adenine control, 100 mg/kg): pale, roughened sutrface with a notable loss of
normal architectural contoutr. (C) Group III (Adenine 100 mg/kg + PAAE 100 mg/kg): partial recovery of sutface coloration
and texture. (D) Group IV (Adenine 100 mg/kg + PAAE 200 mg/kg): near-normal gross motphology. PAAE: Phyllanthus

amarns aqueous extract.
3.3 Histopathological Findings of the Kidney

Microscopic examination of the H&E-stained kidney sections demonstrated clear differences in renal morphology among the
four experimental groups, involving the tubular, glomerular, and interstitial regions (Figure 2). The kidneys from the normal
control animals (Figure 2A) maintained normal cortical and medullary architecture. The proximal and distal convoluted tubules
displayed intact epithelial cells, clearly defined lumina, and preserved brush borders. The interstitial regions showed no evidence

of inflammatory cell accumulation or tissue damage.

In contrast, substantial pathological changes were evident in the adenine control group (Figure 2B). Pale, acicular 2,8-
dihydroxyadenine crystals were observed within the tubular lumina and represented a prominent feature of the renal lesions.
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The tubules showed pronounced dilation together with marked degeneration of the epithelial lining, with areas of epithelial
desquamation into the luminal spaces. In addition, the interstittum contained considerable inflammatory cell infiltration,
indicating extensive renal tissue injury associated with the adenine-induced CKD model.

In the Adenine + PAAE 100 mg/kg group (Figure 2C), histopathological damage was significantly less severe than that
observed in the adenine control cohort. Notable preservation of the tubular architecture was evident, characterized by reduced
tubular dilation and a decrease in cellular debris within the lumens. Furthermore, intraluminal crystal deposits were completely
absent, and interstitial inflammation was markedly attenuated despite remaining present residually.

In the adenine + PAAE 200 mg/kg group (Figure 2D), the kidney sections showed substantial recovery of the renal architecture.
Most renal tubules displayed preserved epithelial lining and patent lumina, while the cortical arrangement appeared similar to
that observed in the normal control group. No crystalline deposits were observed in the examined sections. The interstitial areas
showed only minimal inflammatory cell infiltration. Overall, the histological findings suggest a pronounced protective effect of
the higher PAAE dose on renal tissue, which was consistent with the gross morphological findings.

In summary, the gross morphological and microscopic H&E evaluations reveal a consistent and complementary pattern. The
progressive pathological and structural changes induced by adenine are markedly reduced in the kidneys of rats treated with
PAAE. This profound tissue protection is evident across both treatment dosages, confirming that the extract effectively halts
renal architectural degradation.

Figure 2. Histopathological examination of kidney tissue sections stained with H&E (100X). (A) Normal control group:
intact tubular and glomerular architecture with well-defined brush borders. (B) Adenine control group: widespread structural
changes characterized by prominent TD, 2,8-DHA CD, TED, and marked TIC with secondary IE and ICI. (C) Adenine +
PAAE 100 mg/kg group: pattial restoration of tubular morphology alongside a notable reduction in TD and TIC. (D)
Adenine + PAAE 200 mg/kg gtoup: near-normal renal histology with minimal residual pathology. Abbteviations: TD,
tubular dilation; 2,8-DHA, 2,8-dihydroxyadenine; CD, crystal deposits; TED, tubular epithelial degeneration; TIC,
tubulointerstitial changes; IE, interstitial edema; ICI, inflammatory cell infiltration; PAAE, Phyllanthus amarus aqueous extract;
H&E, haematoxylin and eosin.

4. DISCUSSION
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The findings demonstrate that 28 days of oral adenine administration produced a significant normocytic, normochromic
anaemia in Wistar rats, characterized by reductions in RBC count, Hb concentration, and PCV while MCV, MCH, and MCHC
remained unchanged. Co-administration of Phyllanthus amarns aqueous extract markedly improved these haematological
alterations, with the greater response obsetved at the 200 mg/kg dose. Gross and microscopic examination of the kidneys
following H&E staining showed corresponding evidence of renal injury. Adenine administration resulted in visible pallor and
surface irregularities of the kidneys, which were confirmed histologically by pronounced tubular degeneration, crystal
deposition, and interstitial alterations. PAAE treatment substantially attenuated the renal lesions, and the most pronounced
histological tecovery was obsetved in animals receiving 200 mg/kg. At this dose, the renal architecture showed marked
improvement and was closer to the appearance of the normal control kidneys.

Anaemia changes observed here is consistent with the pattern typically reported in both clinical and experimental CKD. As
renal parenchyma is progressively destroyed by the crystal-induced tubular injury that characterises the adenine model, the
peritubular fibroblasts responsible for erythropoietin synthesis are lost along with functioning nephrons, and the resulting fall
in erythropoietin drive is a major contributor to the anaemia of CKD, independent of iron status or red cell morphology, which
explains why cell size and haemoglobin concentration per cell (MCV, MCH, MCHC) remained unaffected while total red cell
mass and haemoglobin fell [5,6]. A comparable mechanism has been invoked to explain the correction of CKD-associated
anaemia by a plant-derived polysaccharide from Angelica sinensis, which improved red cell parameters in an adenine model
largely by restoring erythropoietin production and iron availability [18]. The present findings indicate that PAAE may act
through a comparable pathway, where mitigating ongoing tubulointerstitial injury preserves the erythropoietin-producing
capacity of the renal tissue.

The histopathological findings in the present study deserve particular attention, as they provide a mechanistic window into the
changes that underlie both the renal morphological observations and the haematological abnormalities. The presence of acicular
crystal deposits within tubular lumens in the adenine group confirms the expected mechanism of adenine nephrotoxicity:
conversion of adenine to 2,8-dihydroxyadenine followed by tubular precipitation [6,7]. The accompanying tubular degeneration,
cellular desquamation, and tubular dilation represent a combination of direct crystal induced injury, secondary inflammation,
and progressive tubulo-interstitial changes, which together reduce the number of functioning nephrons and suppress
erythropoietin output, thus establishing the link between the structural renal damage and the haematological changes observed.
PAAE treatment produced a pronounced, dose-related reduction in these histopathological features, achieving maximum
efficacy at the 200 mg/kg dose. This structural presetvation aligns with the established antioxidant and anti-inflammatory
property of the plant [9-14].

Alternatively, the observed haematological improvement may stem from a more direct hematopoietic or antioxidant action
within the bone marrow or on circulating erythrocytes. This possibility is supported by the work of Nwankpa and colleagues,
who reported that Phyllanthus amarns leaf extract improved haematological parameters that had been deranged by Salmonella
typhi infection in albino rats, a model in which anaemia arises largely from infection related haemolysis and marrow suppression
rather than from renal erythropoietin deficiency [17].The fact that Phyllanthus amarns improves red cell parameters across at least
two mechanistically distinct models of anaemia proposes that the plant might have a generalised protective influence on
erythropoiesis, possibly mediated by its antioxidant phytoconstituents, which could limit oxidative damage to developing red

cells and to the marrow microenvironment in addition to any renal-specific action.

The gross and microscopic renal findings in the current study are reliable with previous reports of nephroprotective activity for
Phyllanthus species across different experimental models. Ogunmoyole and colleagues showed that Phyllanthus amarus extract
restored deranged biochemical parameters in a combined model of hepatotoxicity and nephrotoxicity [15]. Adeneye and
Benebo reported that aqueous leaf and seed extracts of Phyllanthus amarns protected against gentamicin- and acetaminophen-
induced nephrotoxicity in rats [20]. Hashim et al. demonstrated that ethanolic Phyllanthus amarus leaf extract markedly reduced
histopathological evidence of tubular degeneration, glomerular shrinkage, and haemorrhage in a sodium arsenite model of
nephrotoxicity, restoring a near-normal microscopic architecture at the tissue level [21]. The present study adds to this body of
evidence by demonstrating, for the first time, a similar structural protection in the adenine CKD model, with the important
advantage that the adenine model more closely reproduces the progressive interstitial and tubular disease of clinical CKD than

acute toxicant models.
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The mechanisms proposed for this protective activity centre on the rich antioxidant and anti-inflammatory phytochemistry of
the plant, including lignans, flavonoids, tannins, and phenolic acids, which are believed to scavenge reactive oxygen species and
limit the pro-inflammatory cascade that accompanies tubular injury [9-14]. In addition, Phyllanthus species have long been
reported to possess a mild diuretic action, with eatlier work showing a significant increase in urinary excretion of sodium,
potassium, and chloride, which could help promote clearance of the offending crystals from the tubular lumen and thereby
reduce ongoing mechanical and inflammatory injury [22]. Together, these overlapping antioxidant, anti-inflammatory, and
mildly diuretic properties provide a plausible, multi-pronged mechanistic explanation for the preservation of renal architecture
and the improvement in red cell parameters seen with PAAE treatment in the present study.

Finally, anaemia and renal structural damage are not merely coincidental complications of CKD, but rather reciprocal
comorbidities that exacerbate each other. The depletion of functional renal tissue severely compromises local oxygenation,
which drives progressive renal fibrosis and worsens hypoxia-induced tubular inflammation. This tissue damage subsequently
decreases erythropoietin production, further severe worsening the anaemia. By disrupting this destructive cycle, PAAE
treatment achieved the concurrent improvements observed at both the haematological and renal morphological levels in the

present study.

Although the present study includes detailed gross morphological and histopathological examinations of renal tissue, several
limitations must be acknowledged. First, serum functional parameters were not analysed; evaluating markers related to renal
function would have effectively complemented the structural findings. Additionally, while PAAE demonstrated positive effects
on red blood cell indices, a comprehensive mechanism requires the direct measurement of erythropoietin levels, iron status,
inflaimmatory cytokines, and oxidative stress markers in future investigations. Finally, employing specialized histological
techniques, such as Masson's trichrome staining or immunohistochemical analyses, would provide deeper insights into the

precise extent of renal fibrosis and tissue repair.
5. CONCLUSION

In the present study, adenine administration produced a significant normocytic, normochromic anaemia in Wistar rats,
accompanied by pronounced renal injury. Histological examination demonstrated several features of renal damage, including
tubular dilation and degeneration, crystal deposition, and interstitial changes. Co-treatment with the aqueous extract of
Phyllanthus amarus substantially improved both the haematological abnormalities and renal histological changes, with the 200
mg/kg dose producing the greatest degree of recovery. The similar patterns obsetved in the gross morphological and
microscopic findings further support the nephroprotective and haematological effects of P. amarus in the experimental CKD
model. Overall, the findings provide experimental support for the traditional application of P. amarus in renal conditions and

indicate its potential for further preclinical investigation.
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