
279

 December 2022. Volume 8. Number 4

Mohammed Ali Khalifa1* , Amna Elhassan Hamad Mohammad2 , Basher Mohamed Ahmed2 

1. Department of Pharmacology, School of Pharmacy, Omdurman Islamic University, Khartoum, Sudan. 
2. Department of Pharmacology, Medicinal and Aromatic Plants and Traditional medicine Research Institute, National Centre for Research, 
Khartoum, Sudan. 

Original Article
Acute and Subacute Toxicity Studies of Cyperus Papyrus 
Ash on Wistar Albino Rats

Background: Acute and subacute toxicity screenings of medicinal plants are the fastest way 
to evaluate the toxicological profiles of medicinal plants. It helps to have a quick idea of 
the harm or safety potency of drugs. This study aims to conduct an acute and subacute oral 
toxicity study on the Cyperus Papyrus (CP) ash in Wistar albino rats. CP is traditionally used 
for managing painful spasms, eye diseases, ulcers, fever, diarrhea, and inflammations. Further 
study is required to reflect the safety profile of this plant ash.

Methods: Acute oral toxicity study of the CP ash was evaluated by using a dose of 2000 
mg/kg body weight on rats according to the Organization for Economic Co-operation and 
Development (OECD) guidelines using the Aot425 software. Subacute oral toxicity was 
carried out on 4 groups of 6 rats, at doses of 175 mg/kg, 550 mg/kg, 1750 mg/kg, and 1750 mg/
kg. The recovery group (control group) received water according to OECD 407 guidelines for 
consecutive 28 days. At the end of the experiments (day 29), all rats were weighed and sacrificed 
except the rats of the recovery group which were continued without ash administration for 
extra 14 days and then weighed and sacrificed. Subsequently, the hematological parameters, 
plasma biochemical parameters, and histopathological examination were carried out. 

Results: Upon completion of the acute toxicity, no deaths or signs of acute oral toxicity 
were observed. Hematologic observations after oral subacute toxicity included a decrease in 
hematocrit percentage, mean corpuscular volume, and lymphocyte percentage, while there 
was a slight increase in the mean corpuscular hemoglobin concentration, however, it returned 
to the normal range in the recovery group. Biochemical tests showed a mild increase in the 
serum creatine and aspartate aminotransferase levels but they also returned to their normal 
range in the recovery group. No morphological changes in the kidney, liver, lung, spleen, heart 
or small intestine were observed after the histopathological examinations.

Conclusion: Dried ash of CP is considered to be safe and non-toxic at acute exposure and as 
the lethal dose 50% value exceeds 2000 mg/kg body weight, it has a mild reversible effect 
on some hematological and biochemical parameters while no morphological changes of vital 
organ histopathology occur.
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Introduction

he usage of medicinal plants as a key compo-
nent of complementary and alternative medi-
cine has acquired a renewed interest in de-
veloped countries for managing many health 
problems [1]. The increasing demand for 
herbal medicines for human use is causing 

a growing demand for the cultivation of medicinal plants. 
This demand has developed because of cost-effective and 
safe plant-derived products compared to commercially 
available synthetic drugs [2]. In the screening of medicinal 
plants, determining lethal dose (LD) 50% (the dose which 
has proved to be lethal [causing death] to 50% of the tested 
group of animals) is usually the initial step in assessing and 
evaluating the toxic characteristics of plants [3].

Papyrus (Cyperus papyrus, Cyperaceae) covers large ar-
eas in the tropical African wetlands [4]. Cyperus papyrus 
(CP) ash contains several minerals served as micronutri-
ents, such as Na, K, Fe, and Mg in different percentages, 
and has a pH range of 10.23-10.55 which is classified as an 
alkaline substance [5].

The CP reeds ash has been traditionally used as a substi-
tute for salt in western Kenya and earlier studies have in-
dicated that potassium salt substitution derived from local 
papyrus reed has a favorable potassium/sodium (K/Na) ra-
tio that is suitable for use to regulate high blood pressure in 
hypertensive patients. This salt has been traditionally used 
in painful spasms, eye diseases, ulcers, fever, diarrhea, and 
inflammations [6].

The ash content of elements was measured by using a 
variety of analytical methods, while the important meth-
od was the flame atomic absorption spectrophotometer 
(FAAS).

In the screening of medicinal plants, determination of 
LD50% (the dose which has proved to be lethal [causing 
death] to 50% of the tested group of animals) is usually an 
initial step in assessing and evaluating the toxic character-
istics of this plant. It is an initial assessment of the toxic 
manifestations (as it provides information on health haz-
ards likely to arise from short-term exposure to plants) and 
is one of the initial screening experiments performed with 
all compounds [3].

This study aims to evaluate the acute and subacute toxicity 
of CP ash on Wistar albino rats according to the Organization 
for Economic Cooperation and Development (OECD) 
guidelines on mortality, behavior, and some hematological, 
biochemical, and histopathological parameters.

Materials and Methods

Plant Material 

Fresh aerial parts were harvested from their natural habi-
tat in Khartoum, Sudan, in August 2019. Plant identifica-
tion and voucher specimen no. (Y-2010-54-MAPTRI-H) 
referencing was done at the Medicinal and Aromatic Plants 
and Traditional Medicine Research Institute (MAPTRI) 
of the National Center for Research, Khartoum, Sudan.

Preparation and analysis of plant dry ash

One gram of dried, ground plant tissue was placed in 
a porcelain crucible, and then in a cool muffle furnace 
(small scale) and it turned to ash at 500°C overnight. The 
resulting ash was cooled and dissolved in 5 mL of hydro-
chloric acid 20%. Then, the solution was filtered through 
an acid-washed filter paper into a 50-mL volumetric 
flask, and the filter paper was washed. The solution was 
diluted with deionized water and mixed well. Subse-
quently, the elements were measured using 210/211VGP 
Atomic Absorption Spectrophotometer VER 3.94 C 
through different lamps.

Experimental animals 

Both male and female Wistar albino rats (65-120 g) ob-
tained from the animal house of MAPTRI were used for 
the acute and subacute toxicity studies. They were housed 
in polypropylene cages (485×350×200 mm) up to a maxi-
mum of 6 rats per cage, in a well-ventilated room with 12 
h light/dark cycle and free access to clean drinking water 
and food (standard rat feed). They were allowed to ac-
climatize for one week before the experiment. The plant 
ash was administered orally and all animals had a regular 
supply of clean drinking water and food. 

Acute toxicity testing 

The acute oral toxicity of CP ash was evaluated in Wistar al-
bino rats according to the procedures outlined by the OECD 
using the Aot425 software. Following the adaptation period, 
the rats were weighed and the dose was calculated in refer-
ence to the body weight. The plant ash was suspended in dis-
tilled water. For the limit test, a single high dose of 2000 mg/
kg (for 5 animals) of plant ash was administered. Whereas the 
control group received distilled water by the oral route (10 
mL/kg). Food was provided to the rats approximately 1 h af-
ter the treatment. The animals were observed for 30 min after 
dosing, and then 1, 2, 4, 24, and 48 h, respectively, for short-
term outcomes followed by observation once a day for the 
next 12 days. All observations were recorded for each animal 

T
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during the study period. Surviving animals were weighed, 
and food consumption was measured. Meanwhile, the visual 
observations for mortality, changes in physical appearance, 
behavioral patterns, or any other signs of illness were con-
ducted daily during the study period.

Subacute toxicity testing

Subacute toxicity of CP ash was carried out in Wistar al-
bino rats according to the OECD 407 guidelines, while the 
rats were divided into 4 groups (A, B, C, and D) of 6 rats 
in each group, and received an oral dose (through oral ga-
vage) of 1750, 550, 175 mg/kg respectively, whereas groups 
E served as control and received the distilled water 10 ml/kg 
BW for consecutive 28 days. At the end of the experiment 
(day 29), all rats in each group were weighed and sacrificed 
after an overnight fast, under diethyl ether anesthesia, where-
as the outstanding rats of group D were sacrificed similarly 
after extra free 14 days without the administration of testing 
compounds (recovery group). Blood samples were collected 
for hematological analysis and plasma was prepared for bio-
chemical analysis through the orbital veins. The liver, kidney, 
lung, spleen, and heart were harvested immediately clean of 
blood using physiological saline and then fixed in 10% for-
malin for histopathological examination.

Histopathology examination 

The fixed organs were dehydrated with 100% ethanol 
solution and embedded in paraffin. They were then pro-
cessed into 6 to 8 microns by using microtone, stained 
using hematoxylin-eosin, and observed under a light mi-
croscope by a histopathologist as earlier described [7].

Statistical analysis 

Statistical analysis was performed using the GraphPad 
Prism software, version 5. The data were expressed as 
Mean±SEM. The 1-way analysis of variance (Dunnett’s 
multiple comparison test) was conducted to determine sig-
nificant differences and P<0.05 were considered significant. 

Results

Analysis of the Ash 

Table 1 demonstrates the FAAS results for the analysis 
of CP ash elements with standard conditions.

No mortality was recorded in both male and female CP-
administered rats at a dose of 2000 mg/kg body weight, 
as shown in Figure 1, Figure 2 and Table 2.

Subacute toxicity

Changes in body weight during subacute toxicity of CP 
ash are provided in the following Figure 3.

Hematological parameters

As a response: Many hematological parameters of the 
experimental animals were changed significantly with 
sub-acute exposure to CP ash when compared to con-
trol group, but all these abnormalities were reversed to 
the normal range with recovery group and having non-
significant differences with control group.

Table 1. Demonstrates the FAAS results for the analysis of CP ash elements with standard conditions.

Element WL (nm) Flame Gases Mean (mg/kg)

Ca 422.7 A-Ac 1262.750

Co 240.7 A-Ac 2.0337

Cu 324.8 A-Ac 1.2000

Fe 248.3 A-Ac 21.304

K 766.5 A-Ac 260.885

Mg 285.2 A-Ac 454.000

Mn 279.5 A-Ac 6.419

Na 589.0 A-Ac 71.681

Zn 213.9 A-Ac 11.219

Abbreviations: WL, wavelength; A-AC, air-acetylene.
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Figure 1. Acute limit test of cyperus papyrus Ash at the dose of 2000 mg/kg – 1 body weight

Figure 2. Acute main test of cyperus papyrus ash at the dose of 2000 mg/kg – 1 body weight
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Table 3. Lethality and behavioral analysis during acute toxicity test of CP Ash

Observation
Time

STO Day 1 STO Day 2 LTO

30 min 1 h 2 h 4 h 24 h 48 h Day 7 Day 14

Group C A C A C A C A C A C A C A C A

Food consumption N N N N N N N N N N N N N N N N

Skin and fur change N N N N N N N N N N N N N N N N

Eyes change N N N N N N N N N N N N N N N N

Mucous membrane N N N N N N N N N N N N N N N N

Salivation N N N N N N N N N N N N N N N N

Diarrhea N N N N N N N N N N N N N N N N

Respiration N N N N N N N N N N N N N N N N

Heart rate N N N N N N N N N N N N N N N N

Blood pressure N N N N N N N N N N N N N N N N

Lethargy N N N N N N N N N N N N N N N N

Sleep N N N N N N N N N N N N N N N N

Coma N N N N N N N N N N N N N N N N

Tremors N N N N N N N N N N N N N N N N

Mortality time - - - -

Abbreviations: N, normal; STO, short-term outcome; LTO, long-term outcome; C, control group; A, Cyperus papyrus ash group.

Biochemical parameters

Many biochemical parameters of the experimental 
animals were changed significantly with sub-acute ex-
posure to CP ash when compared to control group, but 
all these abnormalities were reversed to the normal range 
with recovery group and having non-significant differ-
ences with control group. 

Histopathological examinations

The effects of CP ash on heart histopathology during 
subacute exposure are shown in the following Figure 4.

Regarding the effects of CP ash on the vital organs 
(heart, lung, kidney, liver, spleen, and small intestine) 
of the experimental rats administered for 28 successive 
days there was no any abnormalities observed.
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Table 2. Change in body weight of animals during acute toxicity testing (2000 mg/kg) of cyperus Papyrus Ash 

Parameters Doses Mean±SEM Sig.

Body weight initial week 1
Control 4.40±0.75

0.0637
Ash -0.20±2.51

Body weight week 2
Control 7.00±1.05

0.6078
Ash 4.00±2.68

Abbreviations: SEM, standard error of the mean.
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The effects of CP ash on lung histopathology during 
subacute exposure are provided in the following Figure 5.

The effects of CP ash on kidney histopathology dur-
ing subacute exposure are represented in the following 
Figure 6.

The effects of CP ash on liver histopathology during sub-
acute exposure are presented in the following Figure 7.

The effects of CP ash on spleen histopathology during sub-
acute exposure are represented in the following Figure 8.

The effects of CP ash on small intestine histopathology 
during subacute exposure are represented in the follow-
ing Figure 9.

Discussion 

No mortality was recorded in female rats that were 
administered the CP ash at a dose of 2 g/kg and 5 g/
kg–1 body weight as shown in Figure 1 and Figure 2. 
These results were compared to previous relevant stud-
ies, including Nazaré et al. 2019 which revealed that the 
LD50% value for CP was greater than 2000 mg/kg. An-
other study reported that the administration of different 
Cyperus species had LD50% greater than 5000 mg/kg, 
without exhibiting any signs of acute toxicity.

The study animals did not display death or any signifi-
cant changes in behavioral patterns, such as body weight 
(Tables 1 and 3), trembling, diarrhea, salivation, breath-
ing, impairment in food intake, water consumption, 
postural abnormalities, hair loss, sleep, lethargy, rest-
lessness, or in physical appearances, such as eye color, 
mucous membrane, salivation, skin/fur effects, coma, 

Figure 3. Change in the animal body weight during subacute exposure of CP ethanolic extract
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Table 4. Histopathology (necropsy) and macroscopical observations after acute toxicity test of CP ash

Group C A

Heart N N

Lung N N

Liver N N

Spleen N N

Kidney N N

Gastrointestinal tract N N

Abbreviations: N, normal; C, control group; E, Cyperus papyrus ash group.
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Table 5. The effects of administering cyperus Papyrus Ash on some hematological parameters 

Group

Parameters

Mean±SEM (P)

Control Low Dose
175 mg/kg

Intermediate Dose
550 mg/kg

High Dose
1750mg/kg

Recovery
1750 mg/kg

TWBCs
Cells/Ml 8067±1189 7567±780.9

(NS)
8450±1878

(NS)
4767±569

(NS)
8983±955.1

(NS)

RBCs
Cells/ μL 8.417×106±178151 8.308*106±152543

(NS)
8.473*106±254344

(NS)
7.642*106±253093

(NS)
8.55*106±250746

(NS)

HGB
g/Dl 14.72±0.52 14.3±0.22

(NS)
15.05±0.31

(NS)
13.55±0.53

(NS)
15.02±0.25

(NS)

HCT % 51.4±1.165 48.15±1.735
(NS)

49.82±1.686
(NS) 43.4±1.77** 53.35±1.53

(NS)

MCV 61.33±2.05 57.87±1.13
(NS)

58.72±0.84
(NS) 56.78±0.52* 62.48±0.75

(NS)

MCH 17.08±0.087 17.23±0.20
(NS)

17.8±0.23
(NS)

17.68±0.12
(NS)

17.62±0.45
(NS)

MCHC 28.72±1.27 29.85±0.89
(NS)

30.33±0.56
(NS) 31.47±0.33* 28.17±0.49

(NS)

PLT 1.013×106±63877 947667±43927
(NS)

854667±52886
(NS)

998667±45761
(NS)

822000±36117
(*)

LYM% 74.3±2.71 59.35±4.84
(NS) 50.78±3.2** 60.4±3.18

(NS)
79.73±7.99

(NS)

LYM 6083±994.5 4400±560.4
(NS)

4900±525.4
(NS) 2817±425* 7250±1228

(NS)

RDW-SD 36.28±2.04 32.48±0.89
(NS)

32.68±0.8
(NS) 31.95±0.43* 36.87±0.78

(NS)

PDW 9.05±0.22 8.83±0.17
(NS)

8.61±0.25
(NS)

8.78±0.15
(NS)

8.81±0.10
(NS)

MPV 7.36±0.15 7.35±0.11
(NS)

7.28±0.07
(NS)

7.35±0.09
(NS)

7.38±0.04
(NS)

P-LCR% 10.07±1.08 8.53±0.75
(NS)

8.05±0.6
(NS)

8.03±0.56
(NS)

8.88±0.25
(NS)

RDW-CV% 16.82±0.37 15.95±0.39
(NS)

15.98±0.56
(NS)

16.18±0.4
(NS)

16.53±0.62
(NS)

Abbreviations: SEM, standard error of mean; WBC, white blood cell; RBC, red blood cell; PLT, platelet counts; HGB, hemo-
globin concentration; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean 
corpuscular hemoglobin concentration; LYM, lymphocyte count; RDW, red cell distribution width; PDW, platelet distribution 
width; MPV, mean platelet volume; P-LCR, platelet large cell ratio.
Notes: * P≤0.05, ** P≤0.01 = (NS) non-significant difference, i.e., P≥0.05.
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injury, change in heart rate or blood pressure, when 
compared to the control group at the end of 14 days 
of general observation. Meanwhile, no histopathology 
changes (necropsy) in the heart, lung, liver, spleen, kid-
ney, or small intestine of study animals were observed 
when compared to the control group at the end of 14 
days of general observation during acute toxicity testing 
as shown in Table 4.

According to the OECD guidance document for acute 
oral toxicity testing, compounds with LD50% values 
lower than 2g/kg–1 body weight are considered to be 
relatively safe, since values above this threshold are 

non-classified. Thus, the CP ash can be considered to be 
nontoxic at acute administration as the extract was well 
tolerated and there were no observed adverse effects. 

After 28 days of administration of the plant ash, there 
was a significant decrease in the mean corpuscular vol-
ume (P<0.05), the lymphocyte count (P<0.05), and red 
cell distribution width (P<0.05). Meanwhile, a highly 
significant decrease was observed in lymphocyte per-
centage (P<0.01), hematocrit (P<0.01), and a significant 
increase in mean corpuscular hemoglobin concentration 
(P<0.05) in groups treated with the CP ash compared to 
the control group. All these abnormalities returned to the 

Table 6. The effects of administering cyperus papyrus Ash on some biochemical parameters 

Group

Parameters

Mean±SEM (P)

Control Low Dose
175 mg/kg

Intermediate Dose 
550mg/kg

High Dose
1750 mg/kg

Recovery
1750 mg/kg

SCr 0.468±0.13 1.228±0.23* 1.173±0.23* 0.663±0.03
(NS)

0.841±0.15
(NS)

BUN 31.83±7.53 36.67±8.23
(NS)

50.83±13.55
(NS)

70±6.351
(NS)

76.33±27.63
(NS)

Total bilirubin 0.042±0.01 0.128±0.08
(NS)

0.055±0.02
(NS)

0.083±0.01
(NS)

0.026±0.005
(NS)

Direct bilirubin 0.024±0.007 0.014±0.005
(NS)

0.012±0.007
(NS)

0.017±0.003
(NS)

0.0016±0.0004
(*)

AST 109.5±21.98 135.3±12.92
(NS)

135.7±16.09
(NS)

212.3±9.36
(**)

95.67±31.04
(NS)

ALT 14.83±3.04 49.33±18.04
(NS)

19.17±4.49
(NS)

22±2
(NS)

26.67±10.48
(NS)

ALP 85.83±15.91 68.67±36.98
(NS)

115.3±22.01
(NS)

174±15.85
(NS)

81.67±29.92
(NS)

Total protein 4.77±0.739 4.96±0.799
(NS)

4.67±0.906
(NS)

7.017±0.221
(NS)

2.657±0.867
(NS)

Albumin 2.45±0.287 2.06±0.507
(NS)

2.95±0.52
(NS)

2.98±0.185
(NS)

2.05 ±‌0.88
(NS)

Abbreviations: SEM, standard error of the mean; SCr, serum creatinine; BUN, blood urea nitrogen; AST, aspartate transami-
nase; ALT, alanine transaminase; ALP, alkaline phosphatase.
Notes: * P≤0.05, ** P ≤0.01 = (NS) non-significant difference i.e., P ≥ 0.05.

Figure 4. Histopathology changes of heart after subacute exposure 
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E) the recovery group, 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.
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Figure 5. Histopathology changes of lung after subacute exposure
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E) recovery group, 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.

Figure 6. Histopathology changes of kidney after subacute exposure
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E) the recovery group, 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.

Figure 8. Histopathology changes of spleen after subacute exposure
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E), the recovery group 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.

Figure 7. Histopathology changes of liver after subacute exposure
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E) the recovery group, 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.
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normal range in the recovery group. The rest of the pa-
rameters did not change significantly as shown in Table 5. 

As demonstrated in Table 6, on plasma biochemical pa-
rameters in the experimental rats, there was a significant 
increase in the serum creatinine (P<0.01), total bilirubin 
(P<0.01), and alanine transaminase (P<0.01). A highly 
significant increase was observed in aspartate transami-
nase (P<0.01) when compared to the control group. All 
these abnormalities returned to the normal range in the 
recovery group, whereas the direct bilirubin was signifi-
cantly decreased in the recovery group only (P<0.05). 
The rest of the parameters did not change significantly.

When comparing the hematological and biochemical 
results with previous studies of different Cyperus spe-
cies, a significant decrease (P<0.05) was observed only 
in the activities of aspartate transaminase and alanine 
transaminase of animals treated Similarly. The decrease 
in renal function was only significant (P<0.05) in the 
concentration of urea in animals [8]. Another study re-
vealed that the administration of different Cyperus spe-
cies produces a significant increase in the red blood cell 
count, hemoglobin level, and hematocrit percentage [9]. 
The research findings contradicted with another study 
on different Cyperus species, which revealed no hema-
tological or biochemical changes after the subacute ex-
posure [10].

The effects of cyperus papyrus extract on some 
histopathological parameters in rat’s subacute 
toxicity

There were no tubular necrosis, changes in glomeruli, 
and cellular infiltrate in the interstitial kidney observed 
in all rat groups that received the CP extract when com-
pared to the control group. 

In the liver, there were no necrosis, inflammatory cel-
lular infiltrate, and stasis in the bile cuniculi of the kid-
ney in all rat groups that received the CP extract when 
compared to the control group. 

For the histopathology of the spleen, no congestion in 
the red pulp, paucity of the white pulp, and increase in 
the hemosiderin macrophage level was observed in all 
rat groups that received the CP extract when compared 
to the control group. 

There were no necrosis, inflammatory cells in alveoli, 
mucus or edema in alveoli, and mucus in bronchioles 
observed in the lung of all rat groups that received the 
CP extract when compared to the control group.

In the heart, no necrosis and inflammatory cellular in-
filtrate were seen in all rat groups that received CP ex-
tract when compared to the control group.

In the small intestine, normal villi were observed, and 
there were no inflammatory cells in the lumen of propria 
in all rat groups that received the CP extract when com-
pared to the control group. 

Conclusion

The administration of CP ash did not show any signs 
of acute toxicity on mortality or other illness in Wistar 
albino rats and the LD50% value was found to be great-
er than 2000 mg/kg body weight. In subacute toxicity, 
there were some hematological and biochemical chang-
es in the treated animals compared to the control group; 
however, in the recovery group, these abnormalities 
were not significantly different from the control group. 
These findings were confirmed with histopathology, 
which revealed the absence of any abnormalities in the 
selected organ.

Figure 9. Histopathology changes of small intestine after subacute exposure
Notes: Changes are represented as (A) control group, (B) 175 mg/kg CP ash, (C) 550 mg/kg CP ash, (D) 1750 mg/kg CP ash, 
and (E), the recovery group 1750 mg/kg CP ash using light microscope (H&E × 40).
Abbreviations: CP, Cyperus papyrus.
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