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Through the boost of the natural medicinal market, individuals began to use a variety of organic materials
in the marketed herbal preparation. Lagerstroemia speciosa (LS) leaves are known as banaba. People have
been using a decoction of LS leaves as antidiabetic. The study aimed to investigate the acute and sub-
acute oral toxicity of LS in Sprague-Dawley rats. The acute toxicity was determined by a single oral dose
of LS (2000 mg/kg). Therein animal behaviour and mortality rate were observed for 14 days. The LS
(200 mg/kg) was given for 28 days daily in the sub-acute study. The body weight, organ weight, food,
water intake, biochemical, haematological parameters, and histopathology were studied. The findings
of this study showed no mortality or morbidity was found in acute and sub-acute toxicity studies in rats.
Additionally, no significant variations were found in the respective weight of organ, haematological and

biochemical parameters of treated groups with reference to the control group. Moreover, no visible his-
tological changes were detected in the liver of treated groups with reference to the control. In conclusion,
the oral administration of LS did not fabricate any major toxic effect in rats. No toxic consequences were
reported during acute and sub-acute toxicity investigations. Overall, LS is a safe, natural bio-actives as
studied. Further investigations of cytotoxicity and genotoxicity of the above drug(s) or their combinations
may be executed for appreciative safety.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Through the boost of the natural medicinal market, individuals
began to use a variety of organic materials in the marketed herbal
preparation. Many people believe that all plant related products
are safe and they do not required to be studied for their safety.
There has not been any significant work on the toxicity of such her-
bal extracts. The toxin is primarily produced from the varied parts
of plant, for example, leaves, fruits, and barks (Molyneux and
Ralphs, 1992; Wittstock and Gershenzon, 2002). Not just for con-
ventional treatment, but for integrative medicine too, a toxicity
test is must to detect any detrimental effects (Farzaei et al.,
2020) that are not evident before signs and indications surface
after prolonged intake (Aneesh et al., 2009; Bandaranayake,
2006). For so many years, nature has been an important source
of therapeutics, and plant-based products persist to show an vital
role in the healthcare services of approximately 80–85 percent
globally (Thiagarajan et al., 2019). Owing to advances in our under-
standing of the processes by which medicinal plants undoubtedly
affect health and quality of life, medicinal plants have gained
growing public and professional acceptance (Gurib-Fakim, 2006;
Hoffmann, 2003). Many diseases are treated with medicinal plants,
which are generally considered safe (Süntar, 2020); however, cer-
tain medicinal plants might be harmful in high doses (Tariq et al.,
2021) or interfere with modern drugs (Palombo, 2006; Taylor et al.,
2001). As per World Health Organization (WHO), public demand
for research to bridge information gaps about the protection of
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medicinal plants is increasing (Bodeker and Ong, 2005; Kala et al.,
2006; Kartal, 2007).

Lagerstroemia speciosa (LS) leaves are known as banaba, and the
tree is popular in the Philippines. People have been using a decoc-
tion of LS leaves as blood-glucose-lowering aid for several years
(Carew and Chin, 1961). It has antioxidant activity in HepG2 cell
lines (Thakur and Devaraj, 2020). In vitro experiments on improv-
ing glucose transporter by corosolic acid (Murakami et al., 1993). It
has anti-inflammatory activity (Rohit Singh and Ezhilarasan, 2021).
Currently reginin A, lagerstroemin, and flosin B inhibits the diges-
tive enzyme (Hayashi et al., 2002; Suzuki et al., 2001). In contrast
to rooibos tea (Aspalathus linearis), green tea (Camellia sinensis),
and tochu tea, an extract from LS (aqueous) was one of the positive
samples with a powerful xanthine oxidase inhibitory consequence,
according to our preliminary screening report (Eucommiaul-
moides) (Unno et al., 2000). Till date no toxicity study has been
carried out of this plant extract. Therefore, the present study aimed
to investigate LS acute and sub-acute oral toxicity in Sprague-
Dawley rats.

2. Materials and methods

2.1. Animals

From the animal facility of PNU (Princess Nourah bint Abdul-
rahman University), Saudi Arabia, twenty-four male SD rats weigh-
ing 150–180 g were obtained and maintained under standard
environmental conditions of 25 ± 2 �C with 50 ± 10% RH at 12 h
light/dark cycle in polypropylene cages. Studies on animals were
done in accordance to the PNU IRB guidelines and approved by
PNU, Saudi Arabia - IRB log No. 20–0336.

2.2. Toxicity studies

The toxicity assessments were done in accordance with globally
recognized standards (Dutta et al., 2017; Ridgway, 2002).

3. Acute oral toxicity study

It was done as per Organization for Economic Co-operation and
Development (OECD) guidelines 423 for acute toxicity studies
(Clemente et al., 2019). The rat was administered with a single
dose of LS at a dose of 2000 mg/kg, orally. Animals were grouped
into two groups, each consisting of six rats (n = 6). The control
group (n = 6) received only normal saline. Individual animals were
carefully examined at different time periods, after the administra-
tion of the LS plant extract (n = 6). Besides, they were twice mon-
itored daily for 14 days after the administration of LS to detect
clinical signs such as toxicity, mortality, behavioral pattern, and
physical appearance, as well as other adverse effects, for example
lethargy, diarrhea, tremors,salivation, etc.

3.1. Subacute oral toxicity study

This subacute toxicity studies was performed as indicated by
OECD guideline 407 (Kunimatsu et al., 2004; Park et al., 2013).
The male SD rats (weight 150–180 g) were grouped into two
groups (n = 6) randomly. The first marked (n = 6) as control and
second as treated group (n = 6). The second group was adminis-
tered with the extract of LS at a dose of 200 mg/kg, every day for
28 days, via the oral route. The behavioral pattern, and physical
appearance, in addition to other adverse effects, for example
lethargy, diarrhea, tremors, salivation, etc were monitored timely.

All the animals were fasted for 12hrs on the 29th day, after
which the rats were anesthetized (xylazine at 10 mg/kg and keta-
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mine at 25 mg/kg, i.p.). The organs were weighed, and the histolog-
ical investigations of liver tissues were done. Hematological,
biochemical, lipid peroxidation, and glutathione assays were done
on the blood obtained. The body weight, food, and water intake
were recorded.

3.2. Measurement of blood glucose level

The blood glucose level for all groups was measured on 29th
day of the experiment. The blood glucose level was measured by
Glucometer (Contour Glucometer).

3.3. Measurement of organ weights

The organ weights were observed on 29th day of the experi-
ment. The organs e.g., the heart, liver, brain, lungs, kidney, and
spleen were cautiously dissected out and then weighed.

3.4. Haematological estimation

The erythrocytes, leukocytes, blood platelets, hematocrit, and
hemoglobin level were estimated using haematological
autoanalyzer.

3.5. Determination of biochemical parameters

The biochemical analyses performed were calculation of total
bilirubin, direct bilirubin, serum creatinine, and liver function test
(AST, ALT, and ALP) using autoanalyzer.

3.6. Antioxidant parameters

The antioxidant parameters (ROS, MDA, GSH, and SOD) were
done as per the protocol described earlier (Abid et al., 2016; Syed
et al., 2021). The ROS was estimated using Dichlorodihydrofluores-
cein Diacetate. The MDA was estimated using thiobarbituric acid
(TBA) and trichloroacetic acid (TCA) and the absorbance was taken
at 532 nm. The GSH was estimated using (5,5-dithio-bis-(2-
nitrobenzoic acid) DTNB also known as (Ellman’s Reagent) and
the absorbance was taken at 412 nm. The SOD was estimated using
Tris HCl having pH 8.2, diethylene triamine penta acetic acid and
pyrogallol. The activity was measured at absorbance 420 nm.

3.7. Haematoxylin-eosin (H & E) staining of liver tissue

For the purpose of histopathological examinations, the liver tis-
sues were excised from the control group in addition to LS treated
group. Then it was processed and stained as per the protocol illus-
trated earlier (Syed et al., 2021, 2020, 2016a).

3.8. Data analysis

Graph Pad Prism 7.0 software was exploited for statistical anal-
ysis and in mean ± SEM, all the data was expressed. The data was
analysed employing t-test. Data were supposed to be statistically
significant at P < 0.05.
4. Result

4.1. Acute toxicity study

On administration of LS at a dose of 2000 mg/kg revealed no
toxicity/mortality or morbidity in the acute toxicity study. No
alterations were found in movement pattern, physical and behav-



Table 1
Effect of LS on food and water consumptionin SD rats.

Parameters Control LS

Sub- toxicity Food intake (g/day) 21.08 ± 0.56 21.71 ± 0.53
Water intake (ml/day) 67.47 ± 1.74 71.45 ± 2.08

All values were presented as Mean ± SEM.
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ioral parameters, general appearance, salivation, and lacrimation in
the rats.

4.2. Sub-acute toxicity study

The treatment with LS at a 200 mg/kg dose has not shown any
toxicity, mortality, or morbidity. There were no alterations
observed in movement, physical and behavioral parameters, gen-
eral appearance, salivation, and lacrimation in the rats from the
day of administration or throughout the study period.

4.3. LS does not affect body weight

No effect of the extract was found on the body weights of rats
all through the sub-acute treatment. Additionally, no major alter-
ations in mean body weight were reported after daily administra-
tion of LS (200 mg/kg) for 28 days in comparison to the control
(Fig. 1).

4.4. LS does not alter the fasting blood glucose (FBG) level

There was no alteration on the FBG level of the LS-treated rats in
the sub-acute study. The FBG was nearly equal to the control
(Fig. 1).

4.5. LS does not affect the food and water intake

No change was observed in the food and water intake pattern of
normal rats and that of treated animals in the sub-acute study
(Table 1).

4.6. Organ weight was not affected by the intake of LS

No significant effect was seen on the organ weight of treated
and control group rats (Fig. 2).

4.7. LS exerts an antioxidant effect

No significant effect was observed on the ROS production of
treated and in control group rats. The LS extract has no toxic effect
as it has an antioxidant effect (Fig. 3).

4.8. Hematological and biochemical parameters were not affected by
the LS treatment

In Table 2, effects of sub-acute administration of LS on hemato-
logical parameters are given. Administration of LS for 28 days daily
has not cause any important alteration in hematological
parameters.
Fig. 1. Effect of LS on (A) body weight, (B) fasting blood
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The effects of sub-acute administration of LS on biochemical
parameters are illustrated in Table 3. The administration of LS daily
for 28 days induced no alteration in liver and kidney function test
of treated as well as control group. Other parameters for example
hepatic biomarkers (AST, ALT, and ALP) along with kidney function
test markers (total bilirubin, direct bilirubin, and serum creatinine)
exhibited normal levels.

4.9. LS safeguards the liver tissue in histopathological analysis

There was no change in the architecture of the liver tissue of the
control group and in the LS treated group in the sub-acute study.
The was no apoptosis, degradation of tissue or ballooning seen in
the tissues (Fig. 4).
5. Discussion

Mainly at the organism, organ, tissue, and cell stage, various
compound substances may cause widespread modes of toxicity
(Rubino, 2015). Phytotherapeutic components derived from herbal
plants are comprehensively employed mainly in developing coun-
tries for disease treatment.

A large number of people have wrongly assumed that the phy-
toconstituents present in the herbal plants to be harmless simply
because they are originated from the nature or procured from
the natural source. Nonetheless, these bioactive phytopharmaceu-
tical preparations derived from herbal medicinal plants are com-
monly used as self-medication as these are contemplated to be
safe and have no adverse health effects (JT and JA, 2007; Nath
and Yadav, 2015; Vaghasiya et al., 2011). Nevertheless, no clinical
investigations have been done on the toxicity profile and side
effects of these phytopharmaceutical remedies. (Sahoo et al.,
2010).

Consequently, advanced acute oral toxicity research is essential
to establish the doses that may be exploited in future and discover
the potential clinical signs produced by the compounds in ques-
tion. It might also be used to ascertain the therapeutic potential
of drugs (Jordan et al., 2010; Ritter et al., 2014; Sahoo et al.,
2010). The toxicological evaluation of several traditional medicines
and their effectiveness to test through histopathological analysis
and oral acute toxicity tests is known as in vivo toxicity research.
Here, we have done the HE staining of the liver tissue, and we
glucose level. Data are represented as mean ± SEM.



Fig. 2. Effect of LS on different organ weights of the body of rat. Data are represented as mean ± SEM.

Fig. 3. Effect of LS on (A) ROS, (B) MDA level, (C) GSH level, and (D) SOD activity. Data are represented as mean ± SEM.
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found no changes in the LS treated group, and the integrity of the
cells was normal equivalent to that of the normal group rats. Con-
sidering the basic assumption that pharmacology is essentially
toxicology at a lower dosage, oral acute toxicity testing in rodents
may be utilized to assess phytopharmaceuticals for various biolog-
ical effects (Sasidharan et al., 2008; Veeresham, 2012). At a lower
1588
non-toxic dosage, a toxic substance can produce interesting phar-
macological responses. If medicinal plants are proven to have the
potential for development into pharmacological products, animal
toxicity findings will be critical in determining their safety (Fu
et al., 2018; Moshi et al., 2007).



Table 2
Effect of LS on haematological parameters in SD rats.

Parameters Control LS

Sub-acute
toxicity

Erythrocytes (106/mL) 6.67 ± 0.10 6.46 ± 0.23

Leukocytes (cells/mm3) 7760 ± 360 7840 ± 258.07
Platelets (Lac cells/
mm3)

2.78 ± 0.21 2.79 ± 0.16

Hematocrit (%) 37.02 ± 0.79 36.92 ± 1.23
Hemoglobin (g/dL) 12.78 ± 0.21 12.18 ± 0.39

All values were presented as Mean ± SEM.

Table 3
Effect of LSonbiochemical parameters in SD rats.

Parameters Control LS

Sub-acute toxicity Total bilirubin (mg/dl) 0.72 ± 0.06 0.72 ± 0.05
Bilirubin direct (mg/dl) 0.28 ± 0.03 0.27 ± 0.04
Serum Cr (mg/dl) 0.74 ± 0.02 0.77 ± 0.06
AST (IU/L) 36.26 ± 0.44 35.60 ± 0.36
ALT (IU/L) 31.93 ± 0.36 31.20 ± 0.47
ALP (IU/L) 38.94 ± 0.44 38.28 ± 0.36

All values were presented as Mean ± SEM.

Fig. 4. Histopathological analysis of liver tissue on administration of LS in sub-acute toxicity.
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Though LS is utilized extensively as traditional medicine for the
treatment of a variety of diseases, comprising diabetes, and is a
good antioxidant (Kakuda et al., 1996; Mishra et al., 1990; Suzuki
et al., 2001; Thuppia et al., 2009; Unno et al., 2000, 1997). Tradi-
tional medicines are used to treat several diseases and possess less
or no toxicity (Chidambaram and Carani Venkatraman, 2010;
Khatoon et al., 2018; Syed et al., 2020, 2016b, 2016a). There is little
clinical and scientific data on the efficacy as well as the safety of LS
extract. Acute and sub-acute toxicity assessments of LS were done.
Earlier studies have indicated that LS exhibits a diversity of phar-
macological activities like antioxidant antimicrobial, hepatoprotec-
tive, anti-fertility, anti-ulcer, antipyretic, anti-inflammatory, and
wound healing effects (Abid et al., 2014;Rahmani et al., 2015;
Abid et al., 2016). No significant effect was observed on the ROS
production of treated and in control group rats. The LS extract
has no toxic effect as it has an antioxidant effect as depicted by
MDA, GSH and SOD activity.

In the current work, certain parameters were estimated subse-
quent to in vivo sub-acute and acute administration of LS. Mortal-
ity is a crucial condition in toxicological estimations (Asare et al.,
2012); both sub-acute and acute administration of the LS did not
indicate significant mortality., A single dose administration of LS
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(2000 mg/kg) have not illustrate any indications of toxicity or mor-
tality through the whole observation time in acute toxicity exper-
imentation. Therefore, LS’s approximate lethal dose (LD50) is
assessed to be greater than 2000 mg/kg. Determination of weight
augmentation or relative organs’ weight is essential to differentiate
probable organ damages by means of exposure to the substances
toxic nature. The damaged organ weight would change depending
on the level of toxicity and body weight ratio (Rosidah et al., 2009).
In the subacute toxicity study, LS administered up to 2000 mg/kg,
have not/neither caused any alteration in clinical signs, morbidity,
nor mortality. Besides, it has not got any harmful effect with
respect to relative organs’ weight in compare to the control. The
hematopoietic system, one of the major sensitive goals of toxic
substances, resides in the bone marrow where the red blood cell
is produced (Birbrair and Frenette, 2016). This system is an essen-
tial index of pathological as well as physiological and states in both
animals and men (JT and JA, 2007). In current work, sub-acute
administration of LS did not indicate any significant changes in
the hematological profile of rats that have given different doses
of LS as compared with the control, signifying that LS is perhaps
non-toxic to the blood system.

Evaluation of liver function is crucial in assessing the toxicity of
synthetic drugs in addition to plant extracts (Begriche et al., 2011).
AST, ALT, bilirubin, total bilirubin and creatinine in serum are the
universal clinical biomarkers of liver condition (Al-Mamary et al.,
2002). No significant variations were detected in serum levels of
AST, ALT, bilirubin, total bilirubin, and creatinine in sub-acute LS
fed groups. The current research indicated that LS administration
up to a dose of 2000 mg/kg have not shown any adverse effects
on the liver. Correspondingly, the histological result of the liver
also did not indicate any alterations in the tissue; it confirms that
LS administration is comparatively harmless for the liver. The kid-
neys are believed to be common targets of toxicity (Dekant and
Vamvakas, 1996). LS fed groups showed unimportant differences
in urea level and creatinine. It designates that LS might not influ-
ence the normal renal function following sub-acute exposure with
respect to the control. Moreover, no significant alteration was
reported in the blood glucose level in sub-acute LS-fed groups. In
the same way, histological analysis of the liver indicated no mod-
ifications in the tissue architecture of the organ subsequent to sub-
acute LS administration.

The regulatory authorities are concerned about the safety of tra-
ditional medicines, and their exploitation by ethnopharmacolo-
gists, pharmacists, medical practitioners, and other healthcare
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professionals (Ekor, 2014; Parveen et al., 2015; Rousseaux and
Schachter, 2003) for the use of herbal plants/extracts should have
least toxic effect so that it does not harm the body.

6. Conclusion

Neither lethality nor adverse effects in the acute and sub-acute
toxicity studies were exhibited in rats. Our works also provided
accommodating data on the utilization of LS. Since all medica-
ments used in the study were of natural ones and also utilized in
the traditional system of medicines, the oral doses of LS might be
deemed safe. It could be trustworthy for its further medicinal uses.
Moreover, chronic toxicity, carcinogenicity, and mutagenicity may
be performed to better understand the safety profile of all selected
drugs and their combinations.
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