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ABSTRACT 

 

Background: Leaves from Physalis angulata L. plant have been used as a source of traditional 

herbal medicine. However, toxicity studies on the P. angulata leaf (PAL) extract are limited.  

This study aimed to determine the subacute toxicity of the PAL extract on renal and liver 

functions and the associated histopathology.  

Methods: The PAL material was prepared by maceration, and the total flavonoid content of the 

ethanolic extract was determined, using spectrophotometry. Twenty female Wistar rats were 

divided into four groups of five each. The control group was untreated, but the other three groups 

received the PAL extract at 100, 500, or 1000 mg/kg, body weight. The subacute toxicity testing 

was performed over 28 days, and the toxicity symptoms were recorded daily.  

Results: The PAL extract contained a total flavonoid content of 22.47 mg/g quercetin. At 500 or 

1000 mg/kg, the extract caused significant diarrhea in rats. There were no significant differences 

in the relative organ weights, or the serum levels of aspartate aminotransferase, alanine 

transaminase, urea, and creatinine. There was no significant damage in the kidneys and liver, but 

mild histological changes were evident in rats treated with 1000 mg/kg of the extract.  

Conclusions: The PAL extract did not cause renal or liver dysfunction in rats following 28 days 

of exposure. However, since diarrhea and mild histological alterations occurred in the liver and 

kidneys, precautions should be exercised when using the P. angulata extract at high doses in 

humans, especially over long periods.  

 

Keywords: Histological alterations; Kidneys; Liver; Physalis angulata leaves extract; Subacute 

toxicity  
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INTRODUCTION 

 

Physalis angulata Linn is an endemic plant grown in both tropical and subtropical regions of the 

world. P. angulata leaves (PAL) contain several chemical compounds, including alkaloids, 

glycosides, flavonoids, tannins, and phenolics. The PAL extract has pharmacological and 

antioxidant properties against numerous conditions, such as cancer, inflammation, leishmaniosis, 

malaria, diabetes, asthma, and bacterial infections [1, 2]. Similar to other traditional medications, 

the PAL extract toxicity data has not been explored extensively although this is crucial to 

confirm the safety of medicinal plants and their extracts. Therefore, comprehensive tests are 

required to assess their toxicity and adverse effects in animals and humans [3].  

 

A logical way to ascertain the toxicity of medicinal plants is through conducting sub-acute 

toxicity studies. In such studies, the substance in question is administered daily at gradually 

increasing doses to several groups of experimental animals over a long enough periods, such as 

28-30 days. These tests are performed to collect information on the effects of repeated oral 

exposures. The tests can also provide information regarding the appropriate concentrations of the 

compounds under study for chronic studies, i.e., the dose-response relationship and/or the signs 

and symptoms that have not been previously reported [4].  

 

Preclinical toxicity studies usually involve both male and female animals. However, if the study 

exclusively uses one animal species, typically female animals serve as the best candidates. Many 

reports have shown that there is little difference in sensitivity between sexes, but when 

differences do exist, female rats tend to be slightly more sensitive in response to such studies. In 

this context, female animals that are considered for the study should be nulliparous and non-

pregnant [4]. 

 

The majority of toxicity studies investigate the effects of substances on the kidneys and liver as 

these organs are more susceptible to toxicants than others [4]. Kidneys are essential in 

maintaining body homeostasis through the excretion of urea, electrolytes, other endogenous 

substances, and environmental toxicants [5]. The liver functions as an important gland in the 

biochemical processing of nutrients, excretion of waste metabolites, and controlling the flow and 

safety of substances absorbed from the gut before entering the systemic circulation [6].  

 

However, studies concerning the toxicity of PAL extract are scarce. Previously, an acute toxicity 

study in 2011 conducted by Rathore [7] showed that a single administration of PAL extract 

caused no mortality in experimental animals at 2000 mg/kg. This study has not been followed up 

by a subacute toxicity test, using a repetitive administration of the extract over 14 to 28 days.  

 

Aim of the Study: the current study aimed at investigating the subacute toxicity of the PAL 

extract on the functions and histological structures of the kidneys and liver in female Wistar rats. 

 

MATERIALS and METHODS 

 

Preparation of Samples and Chemicals: The P. angulata leaves (PAL) were obtained from the 

Biringkassi village, Indonesia. They were washed in clean water and dried under sunlight for 24 

hours. The chemicals, such as ethanol (70%), sodium carboxymethyl cellulose (Na-CMC), and 

sodium chloride (NaCl 0.9%) solution were purchased from local distributors in Makassar, 

Indonesia.  
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Sample Extraction: Six hundred grams of dried PAL were extracted by maceration method, 

using 70% ethanol as the solvent, over 24 hours at room temperature with occasional stirring. 

The solution was filtered and the PAL material was macerated three times until a clear solution 

was obtained. The extract was then evaporated, using a rotary evaporator to concentrate the 

extract devoid of the solvent. The extract samples were stored in a desiccator and the yield was 

determined using the following equation: 

 

% yield of extract = 
𝑡ℎ𝑖𝑐𝑘 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡

𝑠𝑎𝑚𝑝𝑙𝑒 𝑤𝑒𝑖𝑔ℎ𝑡
 𝑥 100% 

Determination of Total Flavonoid Content: The total flavonoid content was determined using 

UV-Vis spectrophotometry with quercetin as the standard comparison. The maximum 

wavelength measurement was performed at 400-800 nm range, and a standard curve of quercetin 

was plotted, at 432.50 nm. The total flavonoid content was deduced by measuring the absorbance 

of the sample at the same wavelength. 

 

Preparation of Animals: Twenty female Wistar rats, weighing 200-250 grams, were obtained 

and acclimatized for one week prior to starting the study. The animal care and study protocols 

were based on the institutional guidelines. The study protocols were reviewed and granted an 

ethical clearance (Registration No.: 8572/UN4.14.1/TP.01.02/2022). 

 

Subacute Toxicity Testing: Following acclimatization, the rats were selected randomly and 

divided into four groups of five each. The control group was untreated and received 0.5% 

Na-CMC as a placebo via oral gavage. The other three groups received oral doses of the PAL 

extract suspended in Na-CMC at 100, 500, or 1000 mg/kg of the rats’ body weight. The rats were 

observed daily for symptoms of toxicity, such as agility, stretching, diarrhea, mortality, and 

changes in body weight. The following serum biochemical markers were assessed: aspartate 

aminotransferase (AST), alanine aminotransferase (ALT), urea, and creatinine. The biomarker 

levels were assessed before and after the 28-day period of the assigned treatments in each group. 

 

Determination of Organs’ Weights: At the end of the experiments, the rats were anesthetized 

using ether via inhalation. The liver and kidneys from each rat were harvested, cleansed in 0.9% 

NaCl solution, and dried with absorbent papers. Each organ was immediately weighed to obtain 

the absolute weight, then the relative organ weights were calculated based on the following 

formula: 

 

Relative organ weight = 
𝑎𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑜𝑟𝑔𝑎𝑛 𝑤𝑒𝑖𝑔ℎ𝑡

𝑏𝑜𝑑𝑦 𝑤𝑒𝑖𝑔ℎ𝑡
 𝑥 100% 

Serum Biochemical Analyses: The blood samples were collected in vacutainer tubes and 

centrifuged at 3000 rpm for 20 minutes to obtain the sera. The ALT, AST, urea, and creatinine 

levels were measured according to the standard laboratory instructions. The blood serum 

(100μL) was mixed with the buffer (100μL) to homogeneity and incubated at 37°C for five 

minutes. Subsequently, 250µL of the kit substrate was added to the samples, mixed to 

homogeneity, and incubated at 37°C for one minute. The serum biomarker levels of ALT, AST, 

urea, and creatinine were read at 340 nm, using a Humalyzer 3500 spectrophotometer (Human, 

Germany) [8]. 
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Histopathological Analyses: The kidneys and liver harvested from each rat were fixed in 10% 

formalin, washed, and cut to 1-cm thick sections. The specimens were stored in embedding 

cassettes and processed in a tissue processor (Diapath, Italy) for varying time periods at each 

stage. The specimens were then embedded in paraffin wax blocks and sectioned by a microtome 

at 4-5µm, and stretched by floating out at 40°C. The sections were then placed on glass slides 

and dried on an electric hotplate for two hours. Next, the sections were stained with hematoxylin 

and eosin. Then, one or two drops of xylene were placed on each slide and covered with a glass 

coverslip. The slides were allowed to stand until they dried completely. The histopathological 

examinations of the slides were performed under a light microscope (Magnus, India), and 

photomicrographs were taken at 40x magnification for further analyses. 

 

Statistical Analyses: The data were tested for normality, using Shapiro-Wilk’s method and one-

way ANOVA analyses. A Tukey’s HSD post hoc test was also used to determine the differences 

among the groups, with the statistical significance set at P<0.05. 

 

RESULTS 

 

Extract Yield and Total Flavonoid Content: In this study, a total of 92.88 g of the PAL extract 

was obtained with a 15.48% percent yield. The total flavonoid content was 22.47 mg of quercetin 

in each gram of the PAL extract. 

 

Clinical Symptoms: Daily observations were made to assess the symptoms of toxicity that 

occurred during the subacute toxicity tests for the PAL extract. Agitation, stretching, diarrhea, 

mortality, and changes in body weights of the rats were the metrics reported in this study. See 

Table 1. The results showed the only clinical sign observed in rats was diarrhea, which occurred 

in the groups treated with the PAL extract at 500 and 1000 mg/kg. A steady gain in body weight 

was documented in the control rats and those treated with the PAL extract at 100 mg/kg. Unlike 

these two groups, insignificant weight losses were observed in the rat groups treated with 500 

and 1000 PAL extract after 7 days of administration (Figure 1). 

 

Relative Organs Weights: The relative weights of the liver and kidneys in the control group 

were 3.54 ± 0.30% and 0.36 ± 0.04%, respectively. Statistical analysis indicated that there were 

no significant differences in the relative weight of the organs between the control and the rat 

groups treated with the PAL extract. 

 

Serum Biomarkers: Figure 2 shows the levels of AST and ALT before and after the 28-day 

treatment period. There were no significant differences in the AST and ALT levels among all of 

the study groups prior to the treatments. Following the 28-day treatment, the control group had 

the AST and ALT levels at 107.3 ± 9.67 U/L and 60.74 ± 17.6 U/L, respectively. Meanwhile, all 

of the PAL-treated groups had slightly higher AST levels post treatments, i.e., approximately 

40% higher than that of the controls. However, the increases in AST levels in the PAL-treated 

groups were not statistically significant compared to that of the controls. A slight elevation of the 

ALT levels was also observed in the groups that received the PAL extract at 500 and 1000 

mg/kg, but this elevation did not reach the statistically significance compared to the controls.  

 

Figure 3 demonstrates the urea and creatinine levels before and after the treatments. Similar to 

the liver biomarkers, the levels of serum urea and creatinine were not significantly different 

before and after the treatments. In the control group, the serum urea and creatinine levels were 
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57.1 ± 4.69 mg/dl and 0.328 ± 0.10 mg/dl, respectively. All of the PAL-treated groups had 

similar levels of serum urea and creatinine compared to those of the controls.  

 

Histopathological Analyses: Figures 4 and 5 display photomicrographs of the liver and kidneys 

histopathology, using H&E staining under light microscopy at 40x magnification. The liver 

microscopic images demonstrated normal structures and organelles in the hepatocytes, sinusoids 

and portal veins (Figure 4, panel-1). In all of the PAL extract-treated animals, no significant liver 

injuries were detected.  Although the hepatocytes nuclei were intact, a higher number of 

lymphocytes and Kupffer cells were identified in the sinusoids compared to the control group, 

especially in rats treated with the PAL extract at 1000 mg/kg (Figure 4, panels 2, 3, 4). However, 

in the renal tissue micrographs, no histopathological alterations were observed in the control, 

PAL 100 and PAL 500 mg/kg groups (Figure 5, panels 1, 2, 3). Nonetheless, at 1000 mg/kg, the 

PAL extract treatment caused mild alterations in the renal histology, as evident by the dilation of 

Bowman’s capsules and hemorrhages in the tubular areas (Figure 5, panel 4).  

 

DISCUSSION 
 

Medicinal plants are believed to be the “backbone” in traditional healthcare systems worldwide 

[9]. They have been used not only for the prevention but also in the treatment of many chronic 

diseases [10]. In this context, the use of P. angulata leaves (PAL) is popular in traditional 

medicine. However, the toxicity of this plant’s materials has not been studied adequately, 

especially for their sub-acute toxicity, although several reports have been published on its acute 

toxicity to date. In this context, two studies have demonstrated that the methanolic and ethanolic 

extracts of PAL did not cause death after single administrations at 2000 and 5000 mg/kg, 

respectively [7, 11]. However, this is insufficient to prove the safety of the extract. Results from 

toxicity studies are convincing since they justify the state of adverse effects due to interactions 

between the toxicants and the treated tissues and cells [12]. Results from sub-acute toxicity 

studies provide rigorous data, since the extract is administered daily over 28 days or longer. In 

these studies, the liver and kidneys become the primary target organs since they would most 

likely be affected by the metabolites generated by the toxicants [13].  

 

The Extract’s Major Components: In the current study, the extraction of PAL leaves yielded 

92.88g (15.4%) of a thick substance. The yield of an extract can be influenced by several factors, 

including the type of solvent and its concentration [14]. Flavonoids are the key compounds that 

contribute to pharmacological properties of various extracts. These compounds are hydroxylated 

phenolic substances, known to be synthesized by the plants in response to microbial infections 

[15]. The study findings demonstrated that the PAL extract was rich in flavonoids, as detected in 

each gram of the material. 

 

Clinical and Physical Effects: In the subacute toxicity test, daily observations of the effects 

were made. The results revealed clinical symptoms of diarrhea and insignificant fluctuating 

weight changes occurred in the rat groups that received the extract at 500 and 1000 mg/kg. 

Diarrhea can arise due to the stimulation of the parasympathetic nerves, promoting digestive tract 

activity, i.e., increases in the intestinal peristalsis and gastric juice secretion. Body weight 

changes may also be a good indicator of the adverse effects of drugs and chemicals, and is 

considered significant if body weight loss is greater than 10% compared to the initial weight 

[16]. In the current study, there were no major body weight losses, i.e., 3-5% of the initial 
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weight. However, the weight loss may be clinically important since it happened in the groups 

that received a high dosage of the extract.  

 

Effects on the Liver Biomarkers: Serum biomarkers are the parameters of interest in toxicity 

studies, which provide information regarding the overall health status, mechanism of toxicity, 

metabolism, and adverse effects on the target organs [16]. In this context, AST and ALT are 

biomarkers that indicate if there was any adverse effect on the liver function. The enzyme AST is 

found in the liver, brain, pancreas, kidneys, lung, cardiac and skeletal muscles, leukocytes, and 

red blood cells. On the other hand, ALT is the major enzyme found in liver cells, and it is 

specifically used to diagnose the liver function disorders. This enzyme is also found in skeletal 

muscles at low concentrations [17]. Based on the statistical analyses, there were no significant 

differences between the serum’s AST or ALT levels among the treatment groups. Although 

statistically insignificant, there were elevations in the AST and ALT levels in the rat groups 

treated with the PAL extract at 500 and 1000 mg/kg. Indeed, the mean AST level in the groups 

treated with the PAL extract at 500 and 1000 mg/kg was 40% higher than that of the control 

group. This may serve as a precaution when using higher doses of the PAL extract in animal 

models over long periods of time. In this regard, one study has shown that a 30-day 

administration of PAL extract at the doses of 250, 500, and 1000 mg/kg was safe as judged by 

the liver function tests; however, it caused mild damages to the liver structures in the rats [18].  

 

Effects on the Kidneys Biomarkers: Creatinine and urea are biomarkers that are used to detect 

renal damages. In this regard, both blood urea and creatinine are closely related. When creatinine 

increases, it is usually accompanied by a rise in the serum urea. However, creatinine is believed 

to be a more specific indicator of renal disease than urea [19]. Based on statistical analyses, there 

were no significant differences among the treatment groups with respect to the serum creatinine 

or urea levels. This finding suggests that there was no renal dysfunction caused by the 

administration of the PAL extract. A previous study has shown that the kidneys seemed to be 

more versatile to toxicants compared to the liver in certain cases [20]. This may also be the case 

with PAL extracts. 

 

Histopathological Alterations: In addition to alterations in the serum biomarkers, we also 

examined the toxic effects on liver and kidneys. Our observations from the kidneys and liver 

histological examinations did not support significant degenerations in the organs of the three 

treatment groups. However, mild histological changes were observed in the liver and the kidneys 

of the rats that received the PAL extract at 1000 mg/kg. The histological changes included a 

higher number of Kupffer cells and lymphocytes in the sinusoids, indicating an inflammatory 

response might have been triggered by the administration of the PAL extract at its highest dose. 

Similarly, an abnormal dilation of Bowman’s capsule in the glomeruli of the rats that were given 

the PAL extract at 1000 mg/kg was also detected along with mild hemorrhages in the tubular 

areas. This strongly suggests that the PAL extract at 1000 mg/kg caused an inflammatory 

reaction but not severe enough to lead to disorders in the liver and renal functions.  

 

Effects on Organ Weights: The relative organ weight is fundamental to ascertain whether the 

organ was exposed to the toxic injuries or was not affected by metabolic reactions caused by the 

toxicant [16]. The results of this study revealed that there were no significant differences in the 

relative weight of the organs among the treatment groups. 
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CONCLUSIONS 

 

The administration of P. angulata leaves extract for 28 days in rats did not cause significant 

alterations in the liver and renal functions. However, there were clinical symptoms of diarrhea, 

slight weight loss, and mild histological alterations in the liver and kidneys. These were triggered 

by the PAL extract at the highest dose of 1000 mg/kg. Therefore, cautions should be exercised 

when using the PAL leaves extract at high doses in humans, especially for a long period, to avoid 

the potential adverse effects.  
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TABLES 
 

 

 

Table 1: The clinical signs found during 28 days of the treatments. 
 

Study Groups Day Agitate Stretching Diarrhea Mortality 

Control 

1 Normal - - - 
7 Normal - - - 

14 Normal - - - 
21 Normal - - - 
28 Normal - - - 

PAL Extract  

100 mg/kg BW 

1 Normal - - - 
7 Normal - - - 

14 Normal - - - 
21 Normal - - - 
28 Normal - - - 

PAL Extract  

500 mg/kg BW 

1 Normal - - - 
7 Normal - - - 

14 Normal - - - 
21 Normal - √ - 
28 Normal - - - 

PAL Extract  

1000 mg/kg BW 

1 Normal - - - 
7 Normal - - - 

14 Normal - √ - 
21 Normal - √ - 
28 Normal - - - 

Key: PAL = P. angulata leaf extract;  - = not observed;  √ = observed 
 

 

        Table 2: Relative weights of rats’ liver and kidneys after 28 days of treatment. 
 

Study Groups Liver Weight (%) Kidneys Weight (%) 

Control 3.54 ± 0.30 0.36 ± 0.04 

PAL 100 mg/Kg  3.55 ± 0.33 0.35 ± 0.04 

PAL 500 mg/Kg  3.76 ± 0.24 0.37 ± 0.02 

PAL 1000 mg/Kg 3.85 ± 0.13 0.36 ± 0.02 
Key: PAL = P. angulata leaf extract  
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FIGURES 

 

 
 

        Figure 1: The body weights of rats during 28 days of the study. 
         Key: PAL = P. angulata leaf extract.  

  

 

 

 
 

Figure 2: The comparison of liver biomarkers’ levels before and after the 28-day 

treatment in the control and extract-treated (PAL) groups.  
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Figure 3: The comparison of the kidneys biomarkers’ levels before and after the 28-day 

treatment in the control and extract-treated groups (PAL). 

 

 
 

Figure 4: Representative micrographs (1-4) of the histological structures of the rat liver.  
Liver Cells - A: Hepatocytes; B: Sinusoids; C: Kupffer cells; D: Lymphocytes.  

Panels - 1: Control; 2: PAL extract, 100 mg/kg; 3: PAL extract, 500 mg/kg; 4: PAL extract, 1000 mg/kg.     



15 
 

15 
 

 

 
 

Figure 5: Representative micrographs (1-4) of the histological structures of the rats’ kidneys.  
Tissue Structures - A: Glomeruli; B: Bowman’s capsules; C: Hemorrhage; D: Dilation of Bowman’s capsule.   

Panels - 1: Control; 2: PAL extract, 100 mg/kg; 3: PAL extract, 500 mg/kg; 4: PAL extract, 1000 mg/kg. 


