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Abstract 

 Mitragyna speciosa and Lagerstroemia speciosa are traditional herbal medicines and are claimed to possess 

hypoglycemic effects. The current study aimed to evaluate the acute toxicity of a 1:1 ratio combined extract (CE) of these 

herbal medicines, using an animal model, to provide a safety assessment for concomitant use. Methanolic extractions 

were performed on the dried powder of each herb, followed by quantification of the active compounds (mitragynine and 

corosolic acid) using high-performance liquid chromatography (HPLC) techniques. For the acute toxicity study, a total 

of 12 adult female Sprague-Dawley rats (5 weeks old, weighing 200 - 250 g) were randomly assigned to control and CE 

groups, with 6 rats in each group. A single oral dose of 2,000 mg/kg body weight of the CE was orally administered to 

the animals, with monitoring conducted in accordance with OECD Guideline 420. Behavioral, hematological and 

biochemical profiles were collected at the end of the 14-day study period, followed by a post-mortem histopathological 

examination to assess tissue integrity in vital organs. Statistical analyses were conducted to identify significant differences 

in all available parameters. The results demonstrated no signs of aberrant toxicity in any of the collected parameters, 

which was further confirmed by histopathological examination, focusing on the liver and kidneys. The study concluded 

that the CE at a 1:1 ratio exhibited a favorable safety profile and could be classified as having low toxicity based on the 

Globally Harmonized System. However, long-term studies are recommended to further confirm their safety profile. 

 

Keywords: Mitragyna speciosa, Lagerstroemia speciosa, Acute toxicity, Single dose, Rats, Hematological, Biochemical, 

Histopathological examinations 

 

Introduction 

 Non-communicable diseases (NCDs) are a major 

cause of chronic morbidity, placing a significant burden 

on healthcare systems at both national and international 

levels [1]. These diseases not only contribute 

substantially to chronic morbidity but also create 

 

significant challenges for healthcare management on a 

global scale [2]. Treatment approaches for NCDs 

primarily rely on pharmacotherapy, utilizing globally 

approved standard medicines as the core of treatment 

strategies. Among these conditions, diabetes mellitus 
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(DM) stands out, playing a crucial role both as an 

intrinsic disease and as a factor contributing to poor 

prognosis in other medical conditions [3,4]. The 

currently available medicines for the treatment of DM 

range from enhancing insulin sensitivity to modulating 

sodium-glucose cotransporter (SGLT) proteins to 

regulate glycemic levels [5]. Despite current 

advancements, the pursuit of novel therapies to fully 

treat or improve the management of DM continues to be 

a key research focus. 

 Herbal medicine for the treatment of NCDs, 

particularly DM, has gained significant interest in recent 

years [6]. In Thailand, the deregulation of Mitragyna 

speciosa has raised concerns about unorthodox use, 

stemming from misunderstandings about its effects on 

diseases [7]. Meanwhile, Lagerstroemia speciosa, 

another local herbal medicine well-known for its 

glycemic reduction effects, warrants attention, 

particularly if used concomitantly with M. speciosa, due 

to the assumption of additive glycemic control effects 

raises concerns, as it could potentially lead to 

unintended harm [8-10]. To address this issue, 

preemptive scientific testing of the potential compounds 

of interest should be conducted swiftly, followed by 

providing a safety statement to the public. In vitro and 

in vivo studies on M. speciosa extract have revealed 

mechanisms for controlling blood sugar [11]. 

Additionally, a human study suggested that M. speciosa 

tea could reduce blood sugar [12]. Meanwhile, L. 

speciosa is well-known for its traditional use as a 

supplement for glycemic control within the Southeast 

Asia community [13-15]. According to the literature, 

Thai folk healers commonly prescribed a combination 

of M. speciosa and L. speciosa for DM [15]. 

Furthermore, traditional folk healers in southern 

Thailand have documented a formula containing both 

plants, emphasizing the previously mentioned concerns 

regarding its use among patients who strongly rely on 

herbal medicine in their daily lives. Given this context, 

it is highly likely that the concomitant use of these two 

plants occurs in the community, driven by the belief that 

they enhance each other’s pharmacodynamic effects 

[16,17]. The toxicity profiles of each individual herbal 

plant have been previously studied. In vivo studies have 

directly demonstrated the toxic effects of single use of 

kratom (M. speciosa) on the liver, kidneys and brain 

after 28 days of treatment [18,19]. By contrast, oral 

administration of a single dose of L. speciosa did not 

result in any mortality, nor did it cause significant 

changes in hematological and biochemical parameters 

or histological alterations in both acute and sub-acute 

toxicity tests in rats [20,21]. However, despite these 

perceived benefits, this combination may also pose a 

potential risk of toxicity, as no scientific reports 

currently exist on its safety or combined use. The 

primary objective of the current study was to evaluate 

the oral acute toxicity of an equal proportion combined 

extracts (CE) from both M. speciosa and L. speciosa, 

simulating their combined use in real-life scenarios, 

using Sprague-Dawley rats. 

 

Materials and methods 

 Preparation of M. speciosa and L. speciosa 

extract 

 Leaves of M. speciosa and L. speciosa were 

collected from Surat Thani and Songkhla provinces, 

Thailand, respectively. The voucher specimens (N5/001 

and 019995) were authenticated and deposited at PSU 

Herbarium, Division of Biological Science, Faculty of 

Science, Prince of Songkla University, Songkhla, 

Thailand. For extract preparation, the leaves of M. 

speciosa and L. speciosa were separately submerged in 

80% methanol, sonicated for 30 min and macerated at 

room temperature for 72 h. The resulting mixture was 

filtered and this process was repeated three times 

consecutively to ensure optimal extraction. The 

combined filtrates were concentrated using a rotary 

evaporator, followed by freeze-drying to obtain the 

powdered extracts. The extraction yields were 30.56% 

for M. speciosa and 11.09% for L. speciosa. To 

formulate the M. speciosa and L. speciosa combination, 

the powdered extracts were mixed in a 1:1 ratio and 

specified as CE. The extracts were stored at 4 °C until 

further experimentation. 

 

 High-performance liquid chromatography 

analysis 

 The quantification of mitragynine and corosolic 

acid in the M. speciosa extract, L. speciosa extract and 

the CE was performed using high-performance liquid 

chromatography (HPLC). The HPLC analysis for 

mitragynine content as described in a previous study 

[22]. The analysis was conducted using a Shimadzu 

Prominence-i LC-2030C 3D Plus system (Shimadzu 
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Corporation, Kyoto, Japan), equipped with an 

autosampler, pump, column oven and photodiode array 

detector. Separation was achieved using an Ascentis® 

Express C18 column (25 cm × 4.6 mm, 5 µm) (Supelco, 

MO, USA), with isocratic elution using a mobile phase 

of 20 mM ammonium acetate buffer (pH 6.0) and 

acetonitrile (35:65) at a flow rate of 1 mL/min. The 

injection volume was 10 µL and detection was set at 225 

nm. Mitragynine content was determined using linear 

regression equation and expressed as mg/g dry weight. 

For corosolic acid quantification, HPLC analysis was 

conducted according to the protocol described in a 

previous study [23]. The same HPLC system and 

column were used as in the mitragynine analysis. 

Corosolic acid was eluted using an isocratic mobile 

phase of 0.1% v/v phosphoric acid in water and 

acetonitrile (30:70) at a flow rate of 1 mL/min. The 

injection volume was 20 µL and detection was 

performed at 204 nm. Corosolic acid content was 

calculated using linear regression equation and 

expressed as mg/g dry weight. 

Experimental animals 

A total of 12 adult female Sprague-Dawley (SD) 

rats (5 weeks old, weighing 200 - 250 g) were obtained 

from Nomura Siam International Co., Ltd, Bangkok, 

Thailand. The animals were maintained under 

controlled temperature conditions (25 ± 2 °C) with a 12-

h light-dark cycle at Laboratory Animal Service Center, 

Prince of Songkla University and had free access to 

standard diet and water ad libitum. The animals were 

acclimatized to the laboratory conditions for one week 

prior to the commencement of the experiments. All 

procedures involving the animals and their care were 

conducted in accordance with the guidelines of the 

Ethics of Animal Experimentation of the National 

Research Council of Thailand. The study was approved 

by the Institutional Animal Care and Use Committee of 

Prince of Songkla University, (MHESI 68014/140, Ref. 

AR013/2024). 

Acute toxicity study 

An acute oral toxicity study was performed 

following the OECD Guideline 420 for acute toxicity 

[24], incorporating necessary appendices and procedural 

adaptations based on the official documentation, to 

mimic the potential risks associated with simultaneous 

use of these herbal extracts in community settings. 

Randomized allocation was performed to assign the 

animals into two groups, the control and the CE-treated 

group (n = 6 per group). The control group was orally 

given a vehicle (40% polyethylene glycol (PEG) in 

distilled water), while the CE group received a single 

oral gavage of CE at a dose of 2,000 mg/kg body weight 

(BW). The study was conducted under a single-blinded 

protocol, in which only the project manager (KT) 

oversaw the allocation of CE to individual animals. 

Toxic signs and mortality were closely monitored at the 

beginning (0.5, 1, 2, 3, 4, 8, 12 and 24 h) after the 

administration of CE, followed by daily monitoring for 

an additional 14 days. For the observation checklist of 

toxic signs used in this study, please refer to 

Supplementary Material A. Daily measurements of BW 

(g), food intake (g) and water consumption (mL) were 

consistently performed throughout the entire study 

period. At the end of the experiment, all rats were fasted 

overnight and anesthetized with an intraperitoneal 

injection of thiopental sodium (Scott-Edil Pharmacia 

Ltd., Solan, India) at a dose of 80 mg/kg BW. 

Relative organ weight 

Following animal sacrifice, several vital organs 

were collected; however, only the liver and kidneys 

were subjected to staining and subsequently examined 

histopathological changes. The relative organ weight for 

each animal was calculated using the following 

equation:  

[absolute organ weight (g)/body weight of rat (g)]×100. 

Biochemical and hematological analysis 

Blood samples were collected via cardiac puncture 

into non-heparinized blood tubes and then centrifuged at 

4,000 rpm at 4 °C for 10 min. Biochemical analysis was 

conducted to measure fasting blood sugar (FBS), 

aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), alkaline phosphatase (ALP), 

total bilirubin (TB), direct bilirubin (DB), blood urea 

nitrogen (BUN) and creatinine (CRE) using a BS-20 

Chemistry Analyzer (Mindray, Shenzhen, China). For 

hematological analysis, a separate set of blood samples 

was collected into EDTA tubes for the measurement of 

white blood cell count (WBC), red blood cell count 

(RBC), hematocrit (Hct), hemoglobin concentration 
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(HB), mean corpuscular volume (MCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC) and lymphocyte 

count (LYM) using an automated hematology analyzer 

(Mindray, Shenzhen, China). 

 

 Histopathological studies 

 The liver and renal tissues were collected and 

fixed in 10% neutral-buffered formalin. The tissues 

were routinely processed and embedded in paraffin. The 

paraffin-embedded tissues were sectioned to a thickness 

of 5 μm using rotary microtome (Leica Microsystems, 

Wetzlar, Germany) and then stained with hematoxylin 

and eosin (H&E) following the standard protocol. The 

histopathological changes were visualized under a DP73 

light microscope (Olympus, Tokyo, Japan).  

 

 Statistical analysis 

 All data were presented as mean ± standard error 

of the mean (SEM). Statistical analyses were performed 

using R software (version 4.4.2; R Core Team, 2024) 

with the necessary statistical packages. Descriptive 

analysis was used to summarize the parameters. 

Inferential statistics, specifically Student’s t-test, were 

conducted to compare the means of parameters between 

the control and CE groups, with a significance level of 

p-value < 0.05. Analyses across time periods were 

performed for water and food intake using appropriate 

statistical tests based on the assumptions of each dataset. 

 

Results and discussion 

 HPLC analysis of active ingredients in M. 

speciosa and L. speciosa 

M. speciosa contains a diverse range of alkaloids, 

with mitragynine and 7-hydroxymitragynine identified 

as the principal constituents [25]. Similarly, L. speciosa 

leaves contain a wide array of phytochemicals, 

including triterpenes, tannins, ellagic acids, glycosides 

and flavones [26]. Among these, corosolic acid, a 

pentacyclic triterpenoid, have been extensively studied 

as key bioactive compounds with anti-diabetic effects. 

In this study, mitragynine and corosolic acid were 

selected as marker compounds for quantitative analysis, 

as they represent the major bioactive constituents most 

directly associated with the characteristic 

pharmacological activities of M. speciosa and L. 

speciosa, respectively. The HPLC chromatogram 

(Figure 1) identified mitragynine with retention times 

of 6.336 min in M. speciosa extract and 6.328 min in the 

CE. The quantified mitragynine content was 30.70 ± 

0.22 mg/g dry weight in M. speciosa extract and 14.43 

± 0.24 mg/g dry weight in the CE. Similarly, corosolic 

acid was detected at retention times of 6.390 min in L. 

speciosa extract and 6.387 min in the CE (Figure 2). 

The quantified corosolic acid content was 2.74 ± 0.00 

mg/g dry weight in L. speciosa extract and 1.44 ± 0.00 

mg/g dry weight in the CE. These findings align with 

previous reports, which showed mitragynine levels of 

0.39% - 3.46% in M. speciosa leaves [27] and corosolic 

acid levels of 0.010% - 0.75% in L. speciosa leaves [28].

 

 

Figure 1 Chromatogram of standard mitragynine (40 µg/mL) (A), mitragynine extract (B) and combined extract (C). 
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Figure 2 Chromatogram of standard corosolic acid (40 µg/mL) (A), corosolic extract (B) and combined extract (C). 

 

 Behavioral observations (toxic signs) and 

mortality 

 The animals’ behavior was observed toward the 

end of the experiment based on the predefined 

checklists, which included assessments of movement 

patterns, physical and behavioral parameters, general 

appearance, salivation and lacrimation, as previously 

described [29]. According to two independent field 

researchers, no abnormal signs deviating from normal 

behavior were observed in any of the animals, in both 

the control and CE-treated groups, from the time of 

administration until day 14. These apparent results 

suggest a favorable safety profile for the oral 

administration of CE at the high dose of 2,000 mg/kg, as 

no mortality observed in the experimental group, similar 

to the control group. In accordance with OECD 

Guideline 420 and the absence of lethal effects, the 

extract is classified under the Globally Harmonized 

System (GHS) Acute Toxicity Category 5 (LD50 > 2,000 

mg/kg), indicating that it poses minimal acute toxicity 

risk. 
 

 Body weight, relative organ weight, food intake 

and water consumption 

 Figure 3 shows a time-series line plot illustrating 

the changes in body weight, food intake and water 

consumption of animals in both groups. There was no 

statistically significant difference observed in the mean 

body weight between the control and CE groups (Figure 

3(A)). Likewise, food intake and water consumption 

also exhibited a similar trend, with no statistically 

significant difference observed (Figure 3(B)). Relative 

organ weights were calculated and are presented in 

Table 1. No significant difference was observed in 

relative liver weight, whereas relative kidney (control: 

0.61 ± 0.02 vs. CE: 0.76 ± 0.04, p-value = 0.007) and 

heart weight (control: 0.42 ± 0.01 vs. CE: 0.30 ± 0.01, 

p-value = 0.000) showed a statistically significant 

increase. Due to the non-normal distribution of the food 

intake data, as indicated by the Shapiro-Wilk normality 

test (p-value = 0.007) and the repeated measures design 

with daily measurements across two groups, the 

Friedman test was chosen as the appropriate non-

parametric analysis. The Friedman test revealed no 

statistically significant difference in food intake across 

the 14 days between the control and CE groups 

(Friedman chi-squared = 19.759, df = 13, p-value = 

0.1014). This result suggests that the overall pattern of 

food consumption remained consistent over time, with 

no marked variation between the experimental groups. 

Water consumption was measured as a total per group, 

similar to food intake. Unlike food intake, the water 

consumption data followed a normal distribution, as 

confirmed by the Shapiro-Wilk test (w = 0.931, p-value 

= 0.067), enabling the use of a linear mixed-effects 

model to assess differences over time. The model 

revealed no significant main effects of day (estimate = 

−1.070, p-value > 0.05) or group (estimate = −32.978, 

p-value > 0.05), nor a significant interaction effect 

(estimate = 6.235, p-value > 0.05), indicating consistent 

water consumption patterns between the control and CE 

groups across the 14-day period. Regarding food intake, 
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water consumption, relative organ weights and body 

weight as shown in the present study, it can be 

summarized that no statistically significant differences 

were observed in these parameters following rigorous 

statistical analysis, suggesting that the CE had no 

influence on these variables. Clinically, this is 

interpreted as acceptable according to toxicity test 

criteria.

 

 

Figure 3 Body weight (A), food intake and water consumption (B) of animals (n = 6 per group) in both groups are 

presented as line graphs with dashed error bars displayed at each time point. No statistically significant difference in body 

weight was observed on day 14 of the acute toxicity observation period. The linear mixed-effects model indicated no 

significant main effects of day (estimate = –1.070, p-value > 0.05) or group (estimate = –32.978, p-value > 0.05) and no 

significant interaction effect (estimate = 6.235, p-value > 0.05) on water consumption. Similarly, food intake showed no 

significant difference (Friedman chi-squared = 19.759, df = 13, p-value = 0.1014) 

 

Table 1 Comparison of organ weights and relative weights between control and CE groups. 

Data were expressed as mean ± SEM. CE = combined extract, *indicates significant difference of mean at p-value < 0.05.

 

 

Groups 

Organ weights 

Liver Renal Heart Lung Spleen Ovary 

Control 8.55 ± 0.36 1.66 ± 0.04 1.14 ± 0.01 1.62 ± 0.09 0.60 ± 0.02 1.29 ± 0.17 

CE 9.02 ± 0.36 2.06 ± 0.08 0.83 ± 0.02 1.41 ± 0.10 0.56 ± 0.02 0.85 ± 0.10 

p 0.379 0.001* 0.000* 0.145 0.130 0.053 

Groups 

Relative organ weights 

Liver Renal Heart Lung Spleen Ovary 

Control 3.15 ± 0.18 0.61 ± 0.02 0.42 ± 0.01 0.59 ± 0.03 0.22 ± 0.00 0.47 ± 0.06 

CE 3.32 ± 0.19 0.76 ± 0.04 0.30 ± 0.01 0.52 ± 0.04 0.20 ± 0.01 0.31 ± 0.04 

p 0.532 0.007* 0.000* 0.149 0.179 0.056 
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 Serum biochemical and hematological 

parameters 

 The biochemical parameters evaluated in the acute 

toxicity investigation were presented in Table 2. All 

measured parameters demonstrated values within the 

normal reference range for both the control and CE 

groups. Additionally, statistical analysis revealed that 

AST (control: 104 ± 5.75, CE: 176.33 ± 4.70 U/L, p-

value < 0.05) and direct bilirubin (control: 0.04 ± ng, 

CE: 0.03 ± ng mg/dL, p-value < 0.05) exhibited a 

statistically significant difference between groups. For 

hematological parameters were measured in both groups 

following the acute toxicity evaluation were presented 

in Table 3. Similar to the biochemical parameters, all 

hematological parameters remained within the normal 

range in both groups. However, when the mean 

differences between parameters were considered, HB 

(control: 16.85 ± 0.39, CE: 15.43 ± 0.26 g/dL) and MCV 

(control: 56 ± 0.68, CE: 54 ± 0.52 fL) showed a 

statistically significant difference (p-value < 0.05). All 

biochemical and hematological parameters examined in 

the acute toxicity evaluation were within the normal 

reference limits. While HB, MCV, AST and direct 

bilirubin showed statistically significant differences 

between control and CE groups, these differences were 

not clinically significant, as all values remained within 

the normal range. Of all the parameters, AST levels 

warrant particular attention, necessitating further 

investigation. The CE group exhibited significantly 

higher AST levels compared to the control group, a 

phenomenon previously reported in other studies, where 

elevated AST was observed without additional signs of 

toxicity [30,31]. Furthermore, previous toxicity studies 

found no abnormal parameters for the individual 

extracts, with no mortality observed during the 14-day 

observation period for acute toxicity. Additionally, rats 

treated with L. speciosa extract showed no significant 

alterations in organ weights, hematological profiles, or 

biochemical parameters [20,21]. However, one study 

reported that an orally administered single dose of 1,000 

mg/kg of M. speciosa standardized methanolic extract 

induced acute signs of hepatotoxicity and mild 

nephrotoxicity, while no effects were observed on 

behavior, relative organ weights, or other parameters 

after 14 days of observation [32]. However, significant 

increases in ALT, AST and urea were observed 

following daily treatment with a subchronic dose of 

standardized methanolic extract of M. speciosa for 28 

days, along with histopathological evidence of toxicity 

[33]. Notably, this discrepancy may arise from 

variations in extraction methods, which can lead to 

differences in the final extract composition. These 

findings suggest that the observed elevation in AST 

levels during the 14-day observation period may not be 

directly indicative of hepatotoxicity as supported by the 

absence of histopathological abnormalities in liver 

tissue. Additionally, ALT levels, which are considered a 

more specific biomarker for hepatic injury, did not differ 

significantly between groups. Taken together, these 

results suggest that CE does not cause evident liver 

toxicity within the parameters of this study [34].

 

Table 2 Biochemical profiles between control and CE groups. 

Control group 

Parameters 
FBG 

(mg/dL) 

AST 

(U/L) 

ALT 

(U/L) 

ALP 

(U/L) 

BUN 

(mg/dL) 

Creatinine 

(mg/dL) 

Direct 

Bilirubin 

(mg/dL) 

Total 

Bilirubin 

(mg/dL) 

Normal range 89 - 163 64 - 222 14 - 64 40 - 130 11.7 - 26.4 0.51 - 0.95 0.03 - 0.07 0.07 - 0.21 

1 106 107 19 98 27 0.46 0.04 0.12 

2 101 98 23 85 20.8 0.39 0.03 0.11 

3 108 85 26 92 25.2 0.76 0.05 0.14 

4 104 116 21 78 23 0.69 0.06 0.08 

5 98 95 25 96 23.7 0.45 0.04 0.13 

6 102 123 29 103 24.3 0.51 0.05 0.12 

Mean 103.17 104* 23.83 92.00 24.00 0.54 0.05* 0.12 

SEM 1.47 5.75 1.47 3.73 0.85 0.06 ng 0.01 
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CE group 

Parameters 
FBG 

(mg/dL) 

AST 

(U/L) 

ALT 

(U/L) 

ALP 

(U/L) 

BUN 

(mg/dL) 

Creatinine 

(mg/dL) 

Direct 

Bilirubin 

(mg/dL) 

Total 

Bilirubin 

(mg/dL) 

Normal range 89 - 163 64 - 222 14 - 64 40 - 130 11.7 - 26.4 0.51 - 0.95 0.03 - 0.07 0.07 - 0.21 

1 96 195 31 101 26.5 0.54 0.04 0.12 

2 108 181 39 105 25.3 0.51 0.02 0.06 

3 119 176 30 98 26.1 0.59 0.04 0.12 

4 84 162 38 106 24.6 0.49 0.03 0.09 

5 109 177 22 97 26.9 0.58 0.02 0.08 

6 104 167 19 69 23.4 0.65 0.02 0.08 

Mean 103.33 176.33* 29.83 96 25.47 0.56 0.03* 0.09 

SEM 4.92 4.70 3.32 5.60 0.53 0.02 ng 0.01 

FBG = fasting blood glucose, AST = aspartate aminotransferase, ALT = alanine aminotransferase, ALP = alanine 

phosphatase, BUN = blood urea nitrogen, mg = milligram, dL = deciliter, U/L = units per liter, ng = negligible (SEM = 

0.00), CE = combined extract. * indicates significant difference of mean at p-value < 0.05. 

 

Table 3 Hematological profiles between control and CE groups. 

mm = millimeter, g = gram, dL = deciliter, pg = picograms per cell, fL = femtoliters, CE = combined extract. * indicates 

significant difference of mean at p-value < 0.05. 

 

  

 

 

Control group 

Parameters 
WBC 

(×103/mm3) 

RBC 

(×106/mm3) 

Hct 

(%) 

HB 

(g/dL) 

MCV 

(fL) 

MCH 

(pg) 

MCHC 

(%) 

LYMPH 

(%) 

Normal range 2.5 - 3.6 5.1 - 8.1 38.5 - 49.2 10.7 - 17.7 50 - 60 18.7 - 22 36.8 - 40.8 48.9 - 88.1 

1 3.1 7.16 41 16.8 56 21 38 61 

2 2.9 8.8 48 17.1 55 20 37 63 

3 3.3 7.79 45 16.3 58 21 39 67 

4 3.5 7.92 42 15.8 54 19 36 67 

5 2.6 6.9 46 18.6 55 16 39 49 

6 3.2 8.14 44 16.5 58 20 38 59 

Mean 3.10 7.79 44.33 16.85* 56* 19.50 37.83 61.00 

SEM 0.13 0.28 1.05 0.39 0.68 0.76 0.48 2.73 

CE group 

Parameters 
WBC 

(×103/mm3) 

RBC 

(×106/mm3) 

Hct 

(%) 

HB 

(g/dL) 

MCV 

(fL) 

MCH 

(pg) 

MCHC 

(%) 

LYMPH 

(%) 

Normal range 2.5 - 3.6 5.1 - 8.1 38.5 - 49.2 10.7 - 17.7 50 - 60 18.7 - 22 36.8 - 40.8 48.9 - 88.1 

1 2.9 8.73 43 15.2 53 16 36 61 

2 3.1 7.16 47 14.8 55 17 37 63 

3 3.3 7.2 41 15.1 56 22 39 64 

4 4.3 7.89 45 15.3 53 21 35 62 

5 4.1 8.11 43 15.6 53 21 38 61 

6 3.6 7.4 42 16.6 54 23 38 65 

Mean 3.55 7.75 43.50 15.43* 54* 20.00 37.17 62.67 

SEM 0.23 0.25 0.89 0.26 0.52 1.15 0.60 0.67 
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Histopathological studies 

 Post-mortem histological analysis revealed no 

significant anomalies between the control and CE 

groups based on the H&E staining results. The 

microscopic anatomy of the liver, including the central 

vein (CV), hepatocytes and hepatic sinusoids, in the CE 

group (Figures 4(C) - 4(D)) was comparable to the 

control group (Figures 4(A) - 4(B)) and 4(E) - 4(F)). 

The portal triad, consisting of the hepatic portal vein 

(HPV), hepatic artery (HA) and bile duct (BD) system, 

remained normal in the CE group (Figures 4(G) - 4(H)). 

Meanwhile, the liver tissue of the CE group exhibited 

mild fatty changes (Figure 4(C), green arrowhead) and 

immune cell infiltration around the bile duct (BD) 

(Figure 4(H), black arrowhead). On the other hand, 

renal tissue in the CE groups (Figures 5(C) - 5(D)) 

showed no significant microscopic alterations compared 

to the control group (Figures 5(A) - 5(B)). Interestingly, 

close examination revealed improvements in renal 

morphology in the treated rats, which exhibited normal 

glomeruli (G), Bowman’s capsules (BC) and intact renal 

tubules, including proximal (PCT) and distal convoluted 

tubules (DCT). It is well established that the liver and 

kidneys are primary target organs for exposure to 

substances, including herbal extracts, due to their central 

roles in metabolism, detoxification and excretion [35]. 

Several studies have reported that exposure to various 

herbs and plant extracts can lead to elevated serum 

levels of AST and ALT, which are commonly 

recognized as biochemical indicators of hepatocellular 

injury. These elevations tend to correspond with 

associated histological findings, such as increased liver 

tissue edema, lighter coloration and brittleness, 

inflammatory infiltration, hepatocyte degeneration and 

collagen accumulation [36-38]. Similarly, BUN and 

creatinine, which are markers of renal impairment, are 

regarded as important indicators of kidney function, 

reflecting changes such as damage, atrophy, or 

inflammation of the glomerulus, Bowman’s capsule and 

renal tubules attributed to kidney injury [39]. Although 

the present study observed changes in liver enzyme 

levels, particularly AST following administration of 

both PEG and CE at doses up to 2,000 mg/kg, similar to 

those reported in previous studies, these changes 

remained within normal ranges. Correspondingly, 

histopathological examination revealed no 

abnormalities in either liver or renal tissues. Therefore, 

it can be concluded that CE-treated group exhibited no 

aberrant pathological deformities in both liver and renal 

tissues, despite differences in the aforementioned 

biochemical parameters, further supporting the robust 

safety profile of the CE.

 

 



Trends Sci. 2025; 22(12): 10867    10 of 13 

 

Figure 4 Photomicrographs of rat liver sections stained with H&E (scale bars: 200 µm and 50 µm). Control group (A), 

(B), (E), (F) and rats treated with 2,000 mg/kg of CE (C), (D), (G), (H). Labels indicate the central vein (CV), bile duct 

(BD), hepatic artery (HA), hepatic portal vein (HPV), immune cell aggregations in the portal triad (black arrows head) 

and fat cells (green arrows head). 

 

 

Figure 5 Photomicrographs of rat renal sections with H&E (scale bars: 200 µm and 100 µm). Sections from the control 

group (A), (B) and 2,000 mg/kg CE-treated rat (C), (D) display the glomerulus (G), Bowman’s capsule (BC), proximal 

convoluted tubule (PCT) and distal convoluted tubule (DCT). 

 

Conclusions 

 The combined methanolic extracts of M. speciosa 

and L. speciosa, at a 1:1 ratio, demonstrated no toxicity 

at the behavioral, well-being, hematological and 

biochemical levels. These results were also consistent 

with the histopathological findings, which revealed no 
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deformities in the examined tissues. The current 

findings indicate no safety concerns when these two 

herbal medicines are used concomitantly, even 

following a single high-dose administration. 

Furthermore, this study demonstrates its strength 

through adherence to rigorous testing guidelines and the 

appropriate use of statistical analyses at each phase of 

the study. Nevertheless, it must be acknowledged that 

the current results were based on a single-dose 

administration of the herbal extract. To fully elucidate 

the comprehensive safety profile of this herbal extract 

mixture, it would be necessary to conduct a long-term 

study, such as a repeated-dose study with a multiple 

dosing regimen, prior to advancing to efficacy studies. 
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