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Analgesic Effects, Elemental Profiling, and Toxicological Studies of Aristolochia albida Root Extracts

		
Abstract
Background: A. albida root extracts are used by a majority of the communities in North Central Nigeria to manage stomach ailments and pain, as well as snakebites. However, scientific data on its safety and efficacy are limited.
Objectives: This study aims to investigate the analgesic effects, elemental profiling and toxicological studies of A. albida root extracts.
Materials and methods: Hexane, ethyl acetate, ethanol and water root extracts were prepared by cold maceration. The method described by (Zeghad et al., 2020) was adopted for the acetic acid induced writhing test model used to evaluate the analgesic activity of the extracts. Each extract’s safety was evaluated using Wistar rats according to the Organization for Economic Cooperation and Development (2008) guidelines. Elemental analysis was carried out for the presence of any heavy metal such as copper, iron, manganese, chromium, zinc, arsenic, lead, and magnesium using Atomic Absorption Spectrophotometer model AAS 6800, Shimadzu.   
[bookmark: _Hlk165889953][bookmark: _Hlk170403408]Results: In this study, the acetic acid induced writhing test model used to evaluate the analgesic activity of n-hexane, ethyl acetate, ethanol and water extracts of A. albida root revealed that all of the solvent extracts of the plant showed potent analgesic activity at three different doses of 250 mg/kg bw, 500 mg/kg bw and 1,000 mg/kg bw when compared to rats that received pentazocine 20 mg/kg bw (reference drug). 250 mg/kg bw oral administration of the extracts of A. albida did not cause significant inhibition of the nociception induced by acetic acid with the hexane extract producing maximum protection of 58.62 % and ethyl acetate extract producing inhibition of 27.59 %.  At a higher dose of 500 mg/kg bw, both the water extract and hexane extract proved to be the most potent of all the extracts with % inhibitions of 69.83 and 68.53 respectively. Additionally, oral administration of the extracts of A. albida (1,000 mg/kg) bw. caused significant inhibition of the nociception induced by acetic acid. The hexane extract produced inhibition of 85.78 % at the dose of 1000 mg/kg. Also, the water extract produced an inhibition value of 83.62% which was marginally lower than the % inhibition recorded for pentazocine. In this study, the inhibition of the nociception induced by acetic acid was observed to be dose-dependent. Elemental profiling revealed that all the eight elements sought for in the root of A. albida were present. The result showed that Mg was present in highest amount (21.1303 mg/kg) while, Cu, Zn, Fe, Mn, Pb, As and Cr were present in small amounts. Hepatic function and renal function tests performed in order to ascertain the level of toxicity or otherwise of the ethanol root extract of A. albida revealed that total protein value decreased in a dose-dependent manner when compared to the serum level of total protein in the control group. Serum levels of alanine transaminase (ALT), aspartate transaminase (AST) and alkaline phosphatase (ALP) at 250, 500 and 1,000 mg/kg/bw were only marginally higher when compared to the control. However, significant changes were observed in other liver function markers such as total protein and alkaline phosphatase. 
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INTRODUCTION
[bookmark: _Hlk143426281][bookmark: _Hlk165450407]Pain can be considered as an unpleasant emotional or receptive sensation in a specific part of the body. Pain types include acute, chronic, visceral, inflammatory, or neuropathic. It is not simply a result of tissue damage, as frequently viewed by many, but also mirrors the influence of many psychological variables such as attention, anxiety, stress, suggestion, or previous experiences and may have a significant genetic contribution (Fillingim, 2017). A large number of ailments are accompanied by pain as observed in today’s medical practice; making about 25 % of the population experience pain on a daily basis. With this numbers on its side, pain can be considered a global health concern that leads to disability worldwide (Wu et al., 2020). The major mediators of pain include bradykinin, prostaglandins, and histamine (Branco et al., 2018). Pain is a wide subject and affects so many parts of an individual’s body that elicits pain originating from many roots, including cancer, fibromyalgia, neuropathic pain, persistent post-surgical pain, arthritis, childhood and adolescent pain, headache and migraine, orofacial pain, visceral pain, musculoskeletal pain and pelvic pain (Yam et al., 2018). A large number of commercial preparations, including nonsteroidal anti-inflammatory drugs (NSAIDs), corticosteroids, and opioid analgesics are required to treat these diseases (Brennan et al., 2021). Nevertheless, a host of these drugs have adverse effects like dyspepsia, peptic ulcer and gastrointestinal bleeding (Ghlichloo and Gerriets, 2023). Furthermore, these drugs are costly and have low efficacy. Therefore, there in an urgent need to investigate a large number of medicinal plants for their alternative use as analgesic and anti-inflammatory agents (Aremu and Pendota, 2021).
The climbing or scrambling plant Aristolochia albida is known in English as Dutchman's pipe, in Hausa as "dumaan dutse," and in Tarok as "idangdang." It comes from Africa's tropical and subtropical regions. The plant has blooms that are tubular or pipe-shaped and are usually light or whitish with darker patterns. These flowers are designed to attract pollinators like flies. A. albida is a plant that grows in forests and wooded areas and is known for its healing properties. People in Northern Nigeria have traditionally used the plant for its health benefits. Ethnobotanical surveys have documented the utilization of several plant components, including roots and leaves, for the treatment of microbiological infections, snakebites, inflammation, fever, and gastrointestinal ailments (Gambo et al., 2024).
Phytochemical analyses reveal that the plant contains bioactive compounds contributing to its antibacterial and antioxidant activities (Gambo et al., 2024) [8]. However, caution is advised due to the presence of aristolochic acids in Aristolochia species, which are known for their nephrotoxic and carcinogenic effects (Okhale et al., 2019). 
MATERIALS AND METHODS
Collection and Preparation of Plant Materials 
The fresh roots of A. albida were collected from the plants at Warok village in Langtang-North Local Government Area of Plateau State and identified at the Federal College of Forestry, Jos. The roots were washed with water, chopped into small pieces, air-dried under shade for two weeks and ground into fine powder using a mortar and pestle. The resulting powder was packed into a sterile polythene bag and stored in a moisture-free desiccator until when needed for extraction.
Experimental Animals 
In this study, both male and female Wistar rats (8–10 weeks old, weighing 110 ± 20 g) obtained from the animal house of the Faculty of Pharmaceutical Sciences, University of Jos, Nigeria were used to assess the analgesic activities and subacute oral toxicity of A. albida root extracts. The experimental rats were allowed to acclimatize for seven days before the beginning of the experiment. All the experimental animals were nulliparous and nonpregnant. The animals were housed in polypropylene cages in standard laboratory conditions. Tap water and standard laboratory animal pellets were provided ad libitum. 
Extraction Process
The water extract was prepared through cold extraction by the addition of 1,000 cm3 of distilled water to 100 g of the root powder. The mixture was then kept for 48 hours with intermittent vigorous shaking in the morning and evening and then filtered. The filtrate was evaporated using the rotary evaporator maintained at 70 oC to obtain the extract which was stored in an amber bottle at −4 °C in a refrigerator.
	The ethanol extraction was performed by adding 1,000 cm3 of ethanol to 100 g of A. albida root powder. The mixture was kept for 48 hours with vigorous shaking in the morning and evening to increase the efficiency of extraction. The mixture was filtered, and the filtrate was evaporated using a rotary evaporator set at 40 °C to remove excess ethanol solvent. The resultant content was then kept in a desiccator to produce a light brown powder which was stored in the refrigerator.
	The ethyl acetate extraction was performed by adding 1,000 cm3of the solvent to 100 g of A. albida root powder. The mixture was kept for 48 hours with vigorous shaking in the morning and evening to increase the efficiency of extraction. The mixture was then filtered, and the filtrate was evaporated using a rotary evaporator set at 50 °C to remove excess solvent. The resultant content was then kept in a desiccator to produce a light brown powder which was stored in the refrigerator.
	The hexane extract was prepared by adding 1,000 cm3 of hexane to 100 g of A. albida root powder previously placed in an extraction jar. The mixture was kept for 48 hours with regular stirring in the morning and evening to increase the efficiency of extraction. The mixture was filtered and the filtrate was evaporated using a rotary evaporator whose operating temperature was maintained at 40 °C. The resultant extract was kept in a desiccator until required. 
[bookmark: _Hlk187171505]Acetic Acid Induced Writhing in Rats
The method described by (Zeghad et al., 2020) was adopted as follows: acetic acid was administered intraperitoneally (i.p.) to the experimental animals to create pain sensation. In the present study, pentazocine (20 mg/kg bw) was used to serve the purpose of a positive control. The plant extract was administered orally in three different doses (250, 500 and 1,000 mg/kg) to the Wistar rats after an overnight fast. Test samples and vehicle were administered orally 30 min prior to intraperitoneal administration of 0.7 % acetic acid solution (0.1 cm3/10 g). Animals were kept individually under glass jar for observation. Each rat of all groups was observed individually for counting the number of writhing they made in 10 minutes commencing just 5 minutes after the intraperitoneal administration of acetic acid solution. The number of writhes in each treated group was compared to that of a control group. 

where,  is average writhing of control group and  is average writhing of treated group.
Acute toxicity study 
The test was done using Method 423, which is the way the Organization for Economic Cooperation and Development (OECD) says to test chemical substances (OECD, 2002). The ethanol extract of this plant was dissolved in distilled water and administered to the rats at a rate of 1 ml/100 g of body weight (bw). Control rats were administered distilled water in place of the extract. They were marked for individual identification. The limit test at a dose of 5,000 mg/kg was chosen because of information indicating that A. albida Duch. was probably not toxic. The rats were divided into two batches of three rats after blood tests to ensure homogeneity of batches. Control batch A received distilled water while batch B received 5,000 mg/kg of an ethanol root extract of A. albida Duch. The animals were observed individually at least once during the first 30 min and at least twice during the first 24 hours after treatment. 
Subacute toxicity study
For the study of subacute toxicity, four experimental groups were established as follows: control group (treated orally with distilled water for a period of 14 days) and test groups (treated by gavage for 14 days with different doses of the ethanol and hexane extracts: 250, 500 and 1,000 mg/kg b w). The doses for the subacute toxicity test were established taking into account the LD50 and the dose calculation described in Organization for Economic Co-operation and Development (OECD) Guideline 407 (OECD, 2002). Throughout the 14-day treatments, the animals were observed daily for general health and clinical signs of toxicity. At the end of the study period, all animals were fasted overnight before blood sampling. Blood samples were taken from the abdominal aorta while the person was under ether anesthesia and put in tubes. The tubes were spun at 3,000 rpm and 4°C for 10 minutes to get the serum for biochemical examination. Also, the livers and kidneys were cut and their moist sections were observed histopathologically.
Elemental Analysis 
Crude sample (10 g) was placed in a platinum dish and transferred into the muffle furnace at 450 oC for 3 hours. It was removed and placed in a desiccator for cooling. HNO3 and HCl (aqua-regia) (1:4) was added to the ashed sample and heated on a heating mantle to dryness, and later 25 cm3 of deionized water was added to the residue in the beaker. The solution was filtered using a filter paper Whatman No. 42 and rinsed up to 3 times into a volumetric flask of 50 cm3 and was made up to mark. Elemental analysis was carried out for the presence of the following heavy metals: copper, iron, manganese, chromium, zinc, arsenic, lead, and magnesium using Atomic Absorption Spectrophotometer model AAS 6800, Shimadzu.

RESULTS AND DISCUSSION
[bookmark: _Hlk165556032]

Tables 1, 2 and 3 present the effects of different extracts of A. albida roots on acetic acid-induced writhing in rats. Writhing is a response to pain induced by intraperitoneal administration of irritants like acetic acid, commonly used to assess analgesic properties of substances (Gawade, 2012).

Table 1: Acetic Acid Induced Writhing in Rats using 250 mg/kg of A. albida Root Extracts after the Intraperitoneal Administration of 3 % Acetic Acid Solution at a Dose of 2 cm3/kg bw

	
Animal Group
Control
Standard
HE
EAE
EE
WE
	                  Writhing Count
	Average
	Writhing %
	Inhibition %

0.00
84.92
58.62
[bookmark: _Hlk165708703]27.59
34.05
57.76

	
	M1
44
07
19
34
32
19
	M2
47
06
20
33
31
22
	M3
47
07
21
35
30
18
	M4
48
07
18
33
29
20
	M5
46
08
18
33
31
19
	
46.40
07.00
19.20
33.60
30.60
19.60
	
100
15.08
41.38
72.41
65.95
42.24

	


HE= hexane extract, EAE= ethylacetate extract, EE= ethanol extract, WE= water extract

[bookmark: _Hlk165825423]In this study, the acetic acid induced writhing test model used to evaluate the analgesic activity of n-hexane, ethyl acetate, ethanol and water extracts of A. albida root revealed that all of the solvent extracts of the plant showed potent peripheral analgesic activity at three different doses (Tables 1, 2 and 3). As summarized in Table 1, the oral administration of the extracts of A. albida (250 mg/kg) bw did not cause significant inhibition of the nociception induced by acetic acid. The hexane extract produced maximum protection of 58.62 % at the dose of 250 mg/kg. This was closely followed by water extract which produced an inhibition value of 57.76 %. Both ethanol extract and ethyl acetate extract produced inhibitions of 34.05 % and 27.59 % respectively. The results when compared to the standard drug pentazocine, which produced 84.92 % inhibition at 20 mg/kg i.p (Table 1), performed fairly with reference to hexane extract and water extract, and poorly with reference to ethanol and ethyl acetate extracts respectively. This result is comparable to that obtained for methanol stem bark extract of Senna siamea, which demonstrated an inhibition on the writhing response induced by acetic acid in a dose dependent manner of 32.80, 27.80 and 22.00 mean number of writhing for doses of 100, 200 and 300 mg/kg body weight (i.p) as compared to the reference drug (pentazocine) 18.60 (Sodipo et al., 2018).

Table 2: Acetic Acid Induced Writhing in Rats using 500 mg/kg of A. albida Root Extracts after the Intraperitoneal Administration of 3 % Acetic Acid Solution at a Dose of 2 ml/kg bw
	
Animal Group
Control
Standard
HE
EAE
EE
WE
	           Writhing Count
	Average
	Writhing %
	Inhibition %

0.00
84.92
68.53
[bookmark: _Hlk165799367]35.34
37.93
69.83


	
	M1
44
07
17
30
25
14
	M2
47
06
18
31
24
14

	M3
47
07
19
29
27
13

	M4
48
07
18
30
25
15

	M5
46
08
18
30
26
14

	
46.40
7.00
14.60
30.00
28.80
14.00

	
100
15.08
31.47
64.66
62.07
30.17
	


HE= hexane extract, EAE= ethyl acetate extract, EE= ethanol extract, WE= water extract

Table 2 shows the results of % inhibition produced by extracts of A. albida at 500 mg/kg. Both the water extract and hexane extract proved to be the most potent of all the extracts with % inhibitions of 69.83 and 68.53 respectively, at the 500 mg/kg dose level. The ethanol extract produced a % inhibition of 37.93 % with the ethyl acetate extract giving the least potency of 34.91 % inhibition. The inhibitory effect of A. albida root extracts may have occurred via inhibition of prostaglandins action. The analgesic effect was predominantly observed with the hexane and water extracts of the plant, which suggests that the water and hexane extracts contained more active compounds responsible for the analgesic effect compared to the ethanol and ethyl acetate extracts at this dose level. Similar to the effects of plant extracts, pentazocine, a standard non-steroidal anti-inflammatory drug showed a good activity in this test. The analgesic effect of A. albida root extract was similar to other medicinal plants like Maerua triphylla, which showed that mice that received 500 mg/kg b w of methanol root extract had significantly lower acetic acid-induced writhing than mice that received the acetylsalicylic acid 75 mg/kg b. wt  (p<0.05 (Wangusi et al., 2021).
Table 3: Acetic Acid Induced Writhing in Rats using 1,000 mg/kg of A. albida Root Extracts after the Intraperitoneal Administration of 3 % Acetic Acid Solution at a Dose of 2 cm3/kg bw
	
Animal Group
Control
Standard
HE
EAE
EE
WE
	       Writhing Count
	Average
	Writhing %
	Inhibition %

0.00
84.92
85.78
[bookmark: _Hlk165826534]43.53
48.28
83.62

	
	M1
44
07
07
27
23
08
	M2
47
06
07
27
25
08
	M3
47
07
06
26
23
07
	M4
48
07
06
25
25
08
	M5
46
08
07
26
24
07
	
46.40
7.00
6.60
26.20
24.00
7.60
	
100
15.08
14.22
56.47
51.72
16.38

	


HE= hexane extract, EAE= ethylacetate extract, EE= ethanol extract, WE= water extract

Table 3 shows that oral administration of the extracts of A. albida (1,000 mg/kg bw) caused inhibition of the nociception induced by acetic acid. The hexane extract produced maximum protection of 85.78 % at the dose of 1,000 mg/kg bw, slightly above the value recorded for pentazocine (20 mg/kg bw). Also, the water extract produced an inhibition value of 83.62 % which was marginally lower than the % inhibition recorded for pentazocine, a standard non-steroidal anti-inflammatory drug. Both ethyl acetate extract and ethanol extract produced inhibitions of 43.53 % and 48.28 % respectively. The results when compared to the standard drug pentazocine which produced 84.92 % inhibition at 20 mg/kg (Table 3) performed excellently with reference to hexane extract and water extract, and fairly with reference to ethanol and ethyl acetate extracts respectively. These findings suggest that the roots of A. albida may be useful in the safe mitigation of pain, and therefore supports its ethnomedicinal use in the management of pain. This result was in conformity with the findings of (Zeghad et al., 2020), which revealed that the hydroalcoholic extract of Ajuga iva used orally at different doses (1.0, 2.0 and 3.0 g/kg bw) demonstrated analgesic activity in a dose dependent manner by inhibiting nociception in the order of 62.87 %, 80.51 % and 94.97 % respectively as compared to control group. 
Table 4: Elemental Composition of the Root of A. albida
	Metal
	Concentration (mg/kg)

	[bookmark: _Hlk170389071][bookmark: _Hlk170388990]Mn
	[bookmark: _Hlk165890861]0.04129±0.016

	Cu
	[bookmark: _Hlk165890806]0.05742±0.027

	Fe
	[bookmark: _Hlk165889934]0.2025±0.035

	Zn
	[bookmark: _Hlk165889857]0.00662±0.001

	Cr
	[bookmark: _Hlk165890899]0.02801±0.077

	Pb
	[bookmark: _Hlk165890969]0.07654±0.003

	As
	[bookmark: _Hlk165891007]0.02236±0.001

	Mg
	21.1303±0.112



[bookmark: _Hlk165886347]Therapeutic plants which are the most pervasive healthcare items used for the treatment of different diseases have proven to be the rich reservoir of antioxidants and other essential elements (Satter, 2020). It is well known that intake of sizable amount or continued intake of therapeutic plants may stimulate a higher collection of various minerals that can result in different fitness issues (Radha et al., 2021). Necessary metals can likewise deliver poisonous impacts when ingested in larger amounts, although non-essential trace metals are harmful even in reduced amount. The major reason for many health issues in humans is either a deficiency or toxicity of essential elements. This, therefore, makes the investigation into the diverse biodynamic elements of medicinal plants and their evaluation absolutely necessary (Satter, 2020). In this study, profiling the elemental content of the root of A. albida seems imperative because the widespread applications of the root for the treatment of various ailments is ubiquitous. 
In Table 4, the elemental composition of the root of A. albida revealed the presence of various essential and non-essential metals in varying concentrations. The concentration values are expressed in micrograms per gram (µg/g) which provides insight into the nutritional and toxicological aspects of the plant.
Manganese (Mn) was present at a concentration of 0.04129 ± 0.016 µg/g, suggesting a relatively low level of this essential trace element. Copper (Cu), another essential micronutrient for plants and animals, was detected at a slightly higher concentration of 0.05742 ± 0.027 µg/g. Both elements are known to play key roles in various physiological processes like enzyme activation and antioxidant defense (Ruiz et al., 2021).
Iron (Fe) had a lot more of 0.2025 ± 0.035 µg/g than Mn and Cu. Iron is a necessary ingredient of hemoglobin and certain enzymes. It is also vital for cellular metabolism and for transporting oxygen around. Zinc (Zn), which is important for making DNA and the immune system, was found in very small amounts (0.00662 ± 0.001 µg/g), suggesting that it is present in very small but required amounts. The value of chromium (Cr) was 0.02801 ± 0.077 µg/g, which means it may be anywhere from 0.02801 to 0.077 µg/g. Chromium is essential in minimal quantities for glucose metabolism; nevertheless, excessive doses might be detrimental (Rafzal and Ocsio Quinones, 2024). 
Lead (Pb) was detected at 0.07654 ± 0.003 µg/g, which is alarming because Pb is a toxic heavy metal with no recognized beneficial biological role. The fact that it is there (no matter how much) makes it probable that the environment is polluted or that dangerous compounds are building up in the plant. There was a minor amount of arsenic (As), another hazardous metal, found: 0.02236 ± 0.001 µg/g. Even small levels of arsenic can be bad for your health if you are around it for a long time. Finally, magnesium (Mg) had the most, with a value of 21.1303 ± 0.112 µg/g. Mg is a vital macronutrient that helps enzymes perform and makes energy, among other things. Mehri (2020) proved from his work that sufficient measure of micro essential elements is needed in the maintenance of metabolism and activities of biocatalysts. Although the elemental content of A. albida root revealed in this study was very low for all the essential elements, there is no cause to worry as they can be compensated for in food and vegetables (Mehri, 2020). As for lead and arsenic, their presence in the sample is a matter of concern as they are highly poisonous metals that affect almost every organ in the body, with the nervous system as the most vulnerable in lead toxicity, both in children and adults (Mehri, 2020). Apart from being carcinogenic, arsenic is also associated with adverse pregnancy outcomes and infant mortality, with impacts on child health (Quansah et al., 2015). A good number of studies have also established negative impacts of arsenic exposure on cognitive development, intelligence, and memory (Tolins et al., 2014) as the case with lead.
This composition indicates that the plant may provide nutritional advantages. But the fact that it contains lead and arsenic makes some worry about how harmful it might be, especially if it is used for a long time as medicine.
Sub-acute Toxicity of A. albida Ethanol Root Extract
In this study, the serum biochemical evaluation was done to examine the possible changes in the renal and hepatic functions at different doses of the ethanol root extract of A. albida as compared to the control group. Protein profile and metabolic biomarkers such as alanine transaminase (ALT), aspartate transaminase (AST) and alkaline phosphatase (ALP) were measured. 


Effect of A. albida Ethanol Extract on Total Protein Levels in Rats
Figure 1 illustrates the effect of orally administering ethanol extracts of A. albida at varying doses on the total protein levels of treated rats.


Figure 1: The Effect of the Oral Administration of Ethanol Extract of A. albida on Total Protein of Treated Rats
	
The control group, which did not receive the extract, exhibited a baseline total protein concentration of 71 mmol/L. As the amount of A. albida ethanol extract went up, the total protein levels went down a little bit but steadily. When the dose was 250 mg/kg bw, the total protein level in rats dropped a little to 69.6 mmol/L. This modest shift suggests that the ethanol extract of A. albida had a small influence on protein levels when the concentrations were low. This might suggest that it had a tiny effect on how proteins are made. When the dose was raised to 500 mg/kg bw, the total protein level dropped even further, to 68 mmol/L. This slow reduction implies that a higher dose of the extract would have a bigger effect on lowering total protein levels. This is probably because the body reacts differently to different doses. A. albida may have compounds that affect how proteins are produced or broken down. The highest dose administered was 1,000 mg/kg bw, which raised the protein level to 67.5 mmol/L. This was the lowest level of all the groups. The trend indicates that as the doses of A. albida ethanol extract increased, the total protein concentration gradually decreased. This indicates that the bioactive components of the extract might influence protein synthesis at elevated concentrations (Altemimi et al., 2017). Ethanol is a polar solvent, therefore it likely pulled out more polar compounds, such as phenolics and flavonoids (Yonki et al., 2023).  Changes like these could be due to changes in how the liver works, how proteins are made, or how proteins are broken down. The liver is a crucial organ for protein metabolism (Hou et al., 2020).
Figure 1 indicates that the amount of oral A. albida ethanol extract you take affects the total protein levels. Eating too much could change how proteins are made. We might find that plant extracts with similar bioactive compounds break down proteins in the same way if we compare our findings to that of other people. Research may elucidate the health risks and benefits associated with prolonged A. albida usage at different dosages (Hou et al., 2020). Figure 1 illustrates that oral administration of A. albida ethanol extract reduces total protein levels in a dose-dependent manner, indicating that elevated dosages may influence protein synthesis. More research on plant extracts with similar bioactive compounds could help us understand how they all work together to affect protein metabolism. This could make it easier to figure out the health risks or benefits of taking A. albida for a long time at different doses (Hou et al., 2020).
Effect of A. albida Ethanol Extract on Alanine Transaminase (ALT) Levels in Treated Rats
Figure 2 presents data on the effect of the oral administration of ethanol extract of A. albida on alanine transaminase (ALT) levels in treated rats. ALT is an important enzyme in the liver, and elevated levels are commonly associated with liver damage or stress (Moriles et al., 2024).


Figure 2: The Effect of the Oral Administration of Ethanol Extract of A. albida on Alanine Transaminase of Treated Rats 

The ALT level in the control group was 78.8 mmol/L, which is the normal amount of liver enzyme activity in rats that have not been treated. When the extract was given, ALT levels went up steadily as the dose of A. albida increased. At 250 mg/kg, ALT increased slightly to 82.6 mmol/L, which shows a small change from the control. This trend continued, with the level rising to 84.2 mmol/L at 500 mg/kg and 87 mmol/L at the highest dose of 1,000 mg/kg.
The dose-dependent increase in ALT suggests that the ethanol extract of A. albida may affect the activity of liver enzymes. The increasing trend suggests that elevated doses may induce stress or moderate toxicity in liver function, albeit the changes were minimal. 
The data indicate that the ethanol extract of A. albida affects ALT levels in rats, consistent with the results of (Merouani and Belhattab, 2020); however, its effects may vary depending on the administered dosage. Further investigation may be advantageous to clarify the dose-response relationship and to examine the underlying mechanisms at different doses.
Effect of A. albida Ethanol Extract on Aspartate Transaminase (AST) Levels in Treated Rats
Figure 3 shows a dose-dependent increase in aspartate transaminase (AST) levels in rats after oral administration of ethanol extract of A. albida at 250, 500, and 1,000 mg/kg, compared to the control group.


Figure 3: The Effect of the Oral Administration of Ethanol Extract of A. albida on Aspartate Transaminase of Treated Rats

Figure 3 shows that as the dose of A. albida went up, so were the levels of AST. The group that had the lowest dose of 250 mg/kg had an AST level of 130.6 mmol/L, which was just a little rise from the control group. This rise could mean that even small amounts of the extract can cause certain biochemical changes in the liver, even though the change was not very big. The AST level rose to 135.2 mmol/L at the 500 mg/kg dose, which shows that the level rises with higher doses of the extract. This surge could mean that the extract may be boosting liver enzymes, which could mean that liver cells are working harder or are under more stress. Finally, the maximum dose of 1,000 mg/kg led to an AST level of 137.4 mmol/L, which was the highest amount seen in this investigation. This large difference from the control group implies that high doses of A. albida may have a big influence on liver function, which could mean hepatotoxicity or more stress on the liver. The data shown in Figure 3 show a clear dose-dependent link between the amount of ethanol extract of A. albida given to rats and the amount of aspartate transaminase in their blood.
Effect of A. albida Ethanol Extract on Alkaline Phosphatase Levels in Treated Rats
Figure 4 presents data on the effect of the oral administration of ethanol extract of A. albida on alkaline phosphatase (ALP) levels in treated rats. 


Figure 4: The Effect of the Oral Administration of Ethanol Extract of A. albida on Alkaline Phosphatase of Treated Rats

The control group demonstrated that the average ALP level was 178.8 mmol/L, which served as a benchmark for comparison for the other groups. A higher dosage of the ethanol extract appears to be associated with increasing levels of ALP, according to the data. The fact that this is the case demonstrates that the liver is experiencing a substantial biochemical interaction. ALP levels reached 210.9 mmol/L at the lowest dose of 250 mg/kg, which is 32.1 mmol/L greater than the control group. This indicates that the ALP level was elevated. It is possible that this increase indicates that even minor quantities of the extract have the potential to enhance liver function or alter metabolic pathways, hence resulting in increased enzyme production. Despite the fact that this effect is significant, it does not have any direct effects on the health of the liver at this time. As a result of increasing the dose to 500 mg/kg, the ALP level increased to 239.6 mmol/L, which is 28.7 mmol/L higher than the dose of 250 mg/kg. It is possible that the ethanol extract has a significant impact on the activity of the liver and the metabolic processes because of the gradual increase that was seen. Based on the findings of (Coucke et al., 2024), it is possible that this alters the process by which bile is produced or other physiological processes that are associated with ALP activity. ALP levels were elevated to 252.8 mmol/L when the highest dose of 1,000 mg/kg was administered. This is 73.9 mmol/L greater than the value seen in the control group. It appears that higher doses of the ethanol extract may have a significant impact on the activity of alkaline phosphatase, as indicated by the significant increase. When ALP levels are really high, there is need to exercise caution since they may indicate that there are issues with the liver or the biliary system.
Figure 4 indicates that alkaline phosphatase (ALP) levels increased progressively as the dose of the ethanol extract of A. albida administered to the rats increased. This pattern suggests a dose-related effect of the extract on liver activity. While the consistent rise in ALP may point to a stimulatory influence on liver function, further studies are necessary to clarify the exact mechanism involved, and to determine whether the observed changes represent normal physiological responses or early signs of liver stress at higher doses. These findings contribute to understanding both the potential therapeutic usefulness of A. albida extracts and their safety profile in animal models, with possible implications for future human applications.
Effect of A. albida Ethanol Extract on Urea Levels in Treated Rats
Figure 5 shows a slight dose-dependent increase in urea levels in rats following oral administration of ethanol extract of A. albida at 250, 500, and 1000 mg/kg, compared to the control group.


Figure 5: The Effect of the Oral Administration of Ethanol Extract of A. albida on Urea of Treated Rats

The control group recorded a baseline urea level of 4.34 mmol/L. With treatment, there was a slight increase to 4.35 mmol/L at 250 mg/kg, followed by a further small rise to 4.36 mmol/L at 500 mg/kg. The highest dose of 1,000 mg/kg produced the highest urea level at 4.38 mmol/L. Although these values show a gradual, dose-related increase, the changes are minimal and are unlikely to indicate any meaningful alteration in urea metabolism or kidney function.
The findings indicate that the ethanol extract of A. albida does not significantly influence urea levels, even at higher dosages. This suggests that the extract is unlikely to negatively impact kidney function, given that urea is commonly employed as a marker of renal health. These results are consistent with the findings of (Aigbe et al., 2019), which observed that kidney function indicators, such as urea and creatinine, showed no significant alterations following exposure to A. ringens. The authors attributed this, in part, to the exceedingly brief duration of exposure, among other possible explanations.
Figure 6 illustrates the effect of oral administration of ethanol extract of A. albida on the creatinine levels of treated rats. The data shows a dose-dependent increase in serum creatinine levels as the concentration of the ethanol extract was increased.


Figure 6: The Effect of the Oral Administration of Ethanol Extract of A. albida on Creatinine of Treated Rats

The control group has a baseline creatinine level of 46.4 mmol/L. The groups that received 250 mg/kg, 500 mg/kg, and 1,000 mg/kg of the extract, on the other hand, have slightly higher creatinine levels of 47.5 mmol/L, 48.6 mmol/L, and 49.1 mmol/L, respectively.
These changes suggest that although the extract may have a marginal impact on renal function, the increases in creatinine levels are relatively minor, remaining within what could be considered a non-toxic range for normal physiological variation. The lack of a sharp elevation in creatinine levels, even at the highest dose of 1,000 mg/kg b w, indicates that the ethanol extract of A. albida does not cause significant nephrotoxicity under the conditions tested.
When compared to findings in other studies investigating plant extracts and their effects on kidney function, this mild dose-dependent increase in creatinine aligns with results from other plant-based bioactive compounds. For example, research on ethanol extracts of Moringa oleifera (Nafiu et al., 2019) indicated minor elevations in creatinine at elevated doses, ascribed to either temporary renal adaptations or modest metabolic demands on the kidneys. Nonetheless, these alterations are generally regarded as safe unless the levels increase substantially beyond normal physiological thresholds, potentially indicating renal dysfunction.
The results align with previous studies on plant extracts, which typically show only negligible and non-significant alterations in renal parameters at therapeutic dose levels. This indicates that the ethanol extract of A. albida, at the examined doses, is improbable to negatively impact kidney function and may possess therapeutic significance. Additional research is necessary to incorporate long-term exposure, histopathological analysis of renal tissues, and evaluation of the extract in experimental models of renal dysfunction to comprehensively elucidate its impact on renal health.
The fact that creatinine levels stayed pretty stable across the different treatment doses backs up the idea that the ethanol extract of A. albida did not hurt kidney function. This finding is in line with (Bankole et al., 2019) who found out that there were no significant differences (p < 0.05) in serum biochemical parameters like creatinine and urea between the treated and control groups after they were given sub-acute doses of ethanol root extract of A. albida. The results of their study suggest that the extract does not harm the kidneys. The results so far show that the ethanol root extract of A. albida did not hurt the kidneys of the rats that were tested.
Creatinine is a waste product of muscle metabolism that the kidneys usually get rid of. This is why it is often used to check how well the kidneys are working. In this study, creatinine levels exhibited no significant alterations post-treatment with the ethanol extract, suggesting that the extract did not affect kidney clearance or overall renal function in the rats. This finding aligns with previous results, particularly those illustrated in Figure 6, which demonstrated stable urea levels following the administration of the extract, thereby reinforcing its perceived safety concerning renal health.
CONCLUSION
[bookmark: _Hlk187172561]The findings in this study revealed that the ethanol root extract of A. albida possessed significant analgesic effects in a dose-dependent manner, which may be due to the presence of phytochemicals like flavonoids. Therefore, the ethanol A. albida root extracts may be used in the mitigation of pain as claimed in ethnomedicine. Acute toxicity using a dose of 5,000 mg/kg bw did not result to any mortality, indicating that the lethal dose (LD50) was above 5,000 mg/kg bw. Oral administration of the root extract showed that it is relatively safe on the kidney for sub-acute exposure, but moderately toxic on the liver as revealed by both the haematological parameters and histological examination of the liver and kidney. This implies that chronic exposure may lead to liver damage.
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Total protein


CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	71	69.599999999999994	68	67.5	Concentration of Ethanol Extract (mg/kg)


Cocentration of total protein (mmol/L)


Alanine transaminase (ALT)

82.6
84.2
87.0

CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	78.8	82.6	84.2	87	Concentration of Ethanol Extract


Concentration of ALT
mmol/L



Aspartate transaminase (AST)


CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	121.4	130.6	135.19999999999999	137.4	Concentration of Ethanol Extract


Concentration of AST
mmol/L



Alkaline phosphatase (ALP)


CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	178.8	210.9	239.6	252.8	Concentration of Ethanol Extract


Concentration of ALP
mmol/L



Urea

4.35

CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	4.34	4.3499999999999996	4.3600000000000003	4.38	Concentration of Ethanol Extract


Concentration of urea
mmol/L



CREATININE


CONTROL	AA(250 mg/kg)	AA(500 mg/kg)	AA(1000 mg/kg)	46.4	47.5	48.6	49.1	Concentration of Ethanol Extract


Concentration of creatinine(mmol/L)



