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Flacourtia jangomas (Lour.) Raeusch is a fruit plant that belongs to the Salicaceae family and is generally known
as the Indian plum. F. jangomas has been explored for the curing of various diseases. The present study intended
to evaluate the safety profiling of F. jangomas fruit (FJF) and leaf (FJL) methanolic extract at a single-dose oral
administration of 50 mg/kg body weight (b.wt), 300 mg/kg b.wt, and 2000 mg/kg b.wt in Sprague Dawley rats.
Behavioral patterns, signs, body weight, water, and feed consumption of rats were observed throughout the 14-day
study period. At the end of the study, the parameters such as hematological and biochemical were evaluated. Further,
the architecture and histology of the organs (heart, kidney, liver, and lung) were also observed. The study revealed
that the methanolic extract of FJF and FJL did not cause any mortality up to 2000 mg/kg b.wt. No significant
variations were found in the hematological and biochemical parameters of all treated groups when compared to
the control group. In addition, histological changes were not detected in the heart, kidney, liver, and lung of the
treated groups. Overall, there were neither any toxicity signs nor deaths were noticed during the study period. The
oral administration of methanolic extract of FJF and FIL did not invent any toxic effect in rats. Hence, it could be

considered safe to use for further exploring the medicinal value of this plant.

1. INTRODUCTION

Plants have been used widely for curing various ailments from ancient
periods. Plants contain a wide variety of chemical compounds, many of
which can have both positive and negative effects on living organisms,
including humans. It is very much mandatory to scientifically validate
the safety and efficacy of any plant before using it for medicinal

purposes [1].

Flacourtia jangomas (Lour.) Racusch (Salicaceae) locally known as
Paniala or Indian plum [2]. F jangomas possess alternate, spirally
arranged, pale pink (young) leaves, and subglobose and dark red (ripen)
fruit. F. jangomas possess fungicidal, bactericidal, antihyperglycemic,
antidiarrheal, analgesic, antioxidant, cytotoxic activity [3], and
hepatoprotective activity [2].

Toxicity studies help to know the toxic dose, and whether the plant
is safe to use. These toxicity studies were carried out as per the
Organization for Economic Cooperation and Development (OECD)
guidelines [4]. An acute toxicity test is to determine the detrimental
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effects of the drug (single dose) within 14 days of administration, that
is, short-term exposure [5].

It is important to note that while many plant compounds have shown
promising medicinal properties, further research and clinical trials are
often necessary to determine their safety and effectiveness for human
use. Hence, the present study aims to evaluate the safety profiling of
F. jangomas fruit and leaf methanolic extract in in vivo model using
female Sprague Dawley (SD) rats using acute oral toxicity.

2. MATERIALS AND METHODS

2.1. Plant Material and Extraction

F. jangomas plant was authenticated (Accession number KUBH10169)
and deposited in the herbarium, Department of Botany, University of
Kerala. The fruits and leaves of F. jangomas were collected, shade
dried, powdered, and extracted in methanol using Soxhlet apparatus [6].
Excessive solvent was removed by solvent distillation apparatus and
residue was concentrated using a rotary evaporator. Moreover, the
residue extract was dried.

The percentage yield was obtained using dry weight from the equation.
Percentage yield of extract = (W1 x 100)/W2, where W1 is the weight
of the extract residue after solvent removal and W2 is the weight of
dried plant powder.

© 2024 Akshaya Pai and K. Chandrakala Shenoy. This is an open access article distributed under the terms of the Creative Commons Attribution License
-NonCommercial-ShareAlike Unported License (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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2.2. Experimental Animal

An 8-10-week-old female SD rats with a weight range of 160-250 g
were used in the study. The rats were caged and acclimatized for a week
before the study period. Animals were maintained as per CPCSEA
guidelines at temperatures of 20-22°C with a Humidity of 46-69%
under 12 h dark and 12 h light cycles. The rats were fed with a standard
diet (AMRUT Laboratory Animal Feed manufactured by Pranav Agro
Industries Limited, Sangli) and water ad libitum. The study protocol
was approved by the Institute Research and Ethics Committee, Skanda
Life Sciences (Organization), Bangalore (IAEC-SLS2021-037).

2.3. Acute Oral Toxicity Studies

The acute oral toxicity study was conducted according to OECD guideline
423 on SD rats (160-250 g). All the animals were kept overnight fasting
for 12 h before the experiment with water ad libitum. The animals were
equally distributed into seven groups of five animals per group. The first
group served as a control and was administered with vehicle (0.5% CMC)
orally, while the second to the seventh group was considered as the test
group that received a methanolic extract of £ jangomas (Lour.) Raeusch
leaf and fruit extracts. Group I, I1I, and IV received the FJF orally at a dose
of 50, 300, and 2000 mg/kg body weight (b.wt), respectively, and Group V,
VI, and VII received the FIL orally at a dose of 50, 300, and 2000 mg/kg
b.wt, respectively. The study was performed for about 14 days.

2.4. Mortality, Body Weight, Feed, and Water Consumption in
Acute Toxicity Studies

The animals were observed for toxic effects and mortality throughout
the 14-day study period. The body weight of all the animals was
recorded on day 1, day 7, and day 14. The average feed and water
intake of rats were also recorded in 1% week and 2" weeks.

2.5. Hematological and Biochemical Parameters Evaluated in
Acute Toxicity Studies

On day 15", all animals were anesthetized with ketamine (ketamine
(40mg/kg b.wt) and xylazine (4.5 mg/kg b.wt) i.p. injection), and blood
samples were collected by retro-orbital plexus. The EDTA-coated vials
were used for the collection of blood samples for blood biochemistry.
The estimation of hematological parameters was performed using Erba
transasia; H360 and various serum biochemistry tests were performed
using Erba, Chem5X. In concern to hematology, hemoglobin, white
blood cells, neutrophils, lymphocytes, eosinophils, platelet, red blood
cells, packed cell volume, mean corpuscular volume, mean corpuscular
hemoglobin, and mean corpuscular hemoglobin concentration were
analyzed. For analysis of biochemical markers, serum was prepared.
Liver function parameters (total bilirubin, total protein, serum albumin,
serum globulin, albumin-globulin ratio, aspartate aminotransferase,
alanine aminotransferase, and alkaline phosphatase), and kidney function
parameters (serum creatinine, blood urea nitrogen) were assessed.

2.6. Histopathological Examination

The animals were humanely sacrificed using an overdose of sodium
thiopental (250 mg/kg b.wt, i.p. injection) and subjected to gross
necropsy. The heart, kidney, liver, and lungs were collected and
preserved in 10% of neutral buffer formalin for histopathological
examination. The heart, kidney, liver and lungs specimens were
embedded in paraffin wax; sections of 5-micron thickness were stained
with hematoxylin and eosin (H & E) and examined for pathological
changes using light microscope under 40X.

2.7. Statistical Analysis

The results of acute oral toxicity studies were expressed as the mean
+ standard deviation (SD). One-way analysis of variance (ANOVA)
followed by Dunnet’s multiple comparison tests (P < 0.05) was used
for the analysis of data statistically (GraphPad Instat Software).

3. RESULTS

3.1. Extractive Yield

Extractive yield of F. jangomas fruit and leaf extract was found to be
76.11% and 19.22 %, respectively.

3.2. Effect of Extract on Mortality

There was no mortality or detrimental signs spotted in rats during 14 days
of observation following oral route administration of FJF and FJL [Table 1].

3.3. Effect of Extract on Body Weight, Feed, and Water
Consumption

The body weight of all the animals in the treated groups showed an
increase on 14" day of the study period when compared to the control
group; although the gain in body weight was not statistically significant
[Table 2]. Feed and water consumption were increased in week 2 when
compared to week 1 in both treated and control groups [Table 3].

3.4. Effect of Extract on Hematological Parameters

The study reveals that the outcome of the control and treated groups
shows no significant difference in hematological parameters [Figure 1].

3.5. Effect of Extract on Biochemical Parameters

[Figure 2] shows the biochemical markers of the rats. The treated
groups did not manifest unusual values when compared to the control
groups, that is, no significant difference was observed and the values
were coming under the normal range [7].

3.6. Effect of Extract on Histopathological Change

[Figure 3]shows the histopathological results of organs (heart,
kidney, liver, and lung) investigated in this study. There were no
histopathological abnormalities detected in the heart, kidneys, liver,
and lungs in all animal groups.

3.7. Summary of the Results

Results are summarized diagrammatically [Figure 4] to highlight the
relevant findings of the study.

Table 1: Toxicity signs and mortality in rats during 14-day observation
period in acute oral toxicity study of £ jangomas fruit and leaf extract.

Group  Treatment and dose Day 1-7 Day8-14  Mortality
G-1 Normal control NAD NAD Nil
G-1I FJF (50 mg/kg b.wt) NAD NAD Nil
G-1II FJF (300 mg/kg b.wt) NAD NAD Nil
G-1V FJF (2000 mg/kg b.wt) ~ NAD NAD Nil
G-V FJL (50 mg/kg b.wt) NAD NAD Nil
G-VI FJL (300 mg/kg b.wt) NAD NAD Nil
G-VII  FIL (2000 mg/kgbwt)  NAD NAD Nil

The NAD indicates no abnormality detected (n=5). FJF: F. jangomas fruit extract,
FJL: F jangomas leaf extract.
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4. DISCUSSION

As primary healthcare, about 80% of the overall population in the
world depends on herbal medicine. Moreover, more than 25% of the
medication available in markets are from plant origin. A toxicity study
helps to know whether the product is safe and to ensure whether the
product can be used for the medication [8].

The present investigation was performed to assess the toxicity of
F. jangomas leaf and fruit extract on female SD rats. Toxicity signs
such as behavioral patterns and mortality in both FJL, FJF treated
groups, and control groups were studied and results did not show any
changes in behavioral pattern and mortality. Hence, FJL and FJF can
be classified into category 5 with LD, value more than 2000 mg/kg
b.wt. as per the OECD 423 guidelines [9].

Further adverse effect was studied by evaluating body weight; feed
and water consumption; hematological and biochemical parameters,
and histopathological changes. Results indicated no adverse effect on
rats in treated and control groups. Our findings on acute oral toxicity
studies showed similarity with previous toxicity studies of Flacourtia
species. F. jangomas leaf and stem (1:1) methanolic had no adverse
effect on albino Wistar rats [10] according to OECD guideline 425.
Acute oral toxicity tests of petroleum ether leaf extract of F indica

Table 2: Body weight of rats in acute oral toxicity study of F. jangomas fruit
and leaf extract.

Group Treatment Day 1 Day 7 Day 14
and dose

G-1 Normal 183.32+31.66  188.84+27.48  183.44428.62
Control

G-I FJF (50 182.78+31.92  193.12+29.87  190.12+30.02"
mg/kg b.wt)

G-I  FJF (300 183.04+30.94 186.84+31.32  186.56+30.98"
mg/kg b.wt)

G -1V FJF (2000 182.5+26.08  193.9+28.92  194.96+27.57™
mg/kg b.wt)

G-V FIL(50 182.34+26.03  187.08+25.73  187.18+23.88"
mg/kg b.wt)

G-VI FIL (300 182.42+31.44  187.1£33.56 190.42+30.78™
mg/kg b.wt)

G- VIl FIL (2000 182.56+33.72  193.36+30.49  185.72+39.29"
mg/kg b.wt)

Values are expressed as the meantstandard deviation (n=5). No significant change
compared with the control (P>0.05, Dunnett’s multiple comparison test). ns: Non-
significant, FJF: F. jangomas fruit extract, FIL: F. jangomas leaf extract.

indicated a 1750 mg/kg tolerance limit in mice [11], and methanolic
leaf extract of . montana had no toxic effect at dose 2000 mg/kg in
rats [12].

Body weight, feed, and water consumption are measured to ensure the
safety of the extract as proper intake of water and feed are important to
maintain the body weight and health status of rats [13]. The results of
body weight and dietary intake revealed that the treated groups were
similar to the control groups. The food intake and water consumption
also were not affected by the administration of FJF and FJL extracts.
The extracts did not cause appetite suppression or have deleterious
effects, suggesting that no harmful or negative effects on the body’s
metabolism of carbohydrates, proteins, or fats. This implies that
the extracts did not disrupt the normal processes involved in the
breakdown, utilization, and storage of these macronutrients [14].
Blood act as the carrier for the transport of drugs and other molecules
to different parts of the body. An appropriate amount of blood cells is
required for normal functioning in animals as well as in humans. Any
toxic compounds that reach the body are exposed to blood primarily
and these toxic compounds can alter the growth and development of
blood components; hence, hematological parameters help to ascertain
the toxicity by measuring the blood cells [1].

By examining blood parameters, such as complete blood count (CBC),
hemoglobin levels, red blood cell counts and white blood cell counts,
platelet count, and other relevant markers, researchers can identify any
alterations or abnormalities in the hematopoietic system caused by the
tested substances. Changes in these parameters can indicate potential
toxic effects on blood cells, bone marrow, or other components of the
hematopoietic system. While such findings in animal models cannot be
directly extrapolated to humans, they provide valuable information for
evaluating the relative risk and potential impacts in humans. These data,
along with other toxicity endpoints and additional studies, help inform
the overall safety assessment of drugs or chemicals [15]. The results
of the hematological parameters of the rats did not show statistically
significant differences when compared to the control group. Hence, the
FJL and FJF extracts may not have any harmful effects on bone marrow
function. This justifies the fact that all doses of F. jangomas leaf and
fruit extract used in this study do not induce any significant alterations in
hematological profile, making it safe for therapeutic applications.

The kidneys and liver are among the primary organs that can
exhibit toxicity symptoms when exposed to toxic substances. The
functionality of the liver and kidney can be assessed by biochemical
tests. Monitoring specific biomarkers can help assess the potential
damage to these organs. Urea and creatinine are commonly used as
biomarkers to evaluate kidney function and detect kidney lesions.

Table 3: Weekly average feed and water consumption in rats in acute oral toxicity study of F. jangomas fruit and leaf extract.

Feed consumption (g/rat/day)

‘Water consumption (ml/rat/day)

Group Treatment and dose
Day 1-7

G-1 Normal control 10.11
G-1I FJF (50 mg/kg b.wt) 9.67
G-I FJF (300 mg/kg b.wt) 10.10
G-1V FJF (2000 mg/kg b.wt) 11.79
G-V FJL (50 mg/kg b.wt) 10.62
G-VI FJL (300 mg/kg b.wt) 12.1
G-Vl FJL (2000 mg/kg b.wt) 9.5

Day 8-14 Day 1-7 Day 8-14
15.18 11.86 23.00
15.27 15.71 2271
15.96 14.71 23.29
17.79 13.43 24.43
15.49 15.43 19.86
16.10 17.00 22.29
17.22 11.00 16.71

Values are average feed consumption in grams per rat per day and average water consumption in ml per rat per day. FIF: F jangomas fruit extract, FJL: F. jangomas leaf extract.
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Figure 1: Hematological parameters measured at the end of acute toxicity study of . jangomas fruit and leaf extract. (a) Hemoglobin (gm %), (b) White blood
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262 Pai and Shenoy: Journal of Applied Biology & Biotechnology 2024;12(1):258-264

Figure 3: Histopathologic results of sections of the heart (A, A’, A”), kidney (B, B’, B”), liver (C, C’, C”), and Lungs (D, D’, D). A-D represented the results
of the control group. A’- D’ represented the results of the FJF high-dose group (2000 mg/kg b.wt). A” —D” represented the results of the FIL high dose group
(2000 mg/kg b.wt) (H and E 40x%). N: Nucleus, GM: Glomeruli, DT: Distal tubule, PT: Proximal tubule, Hp: Hepatocytes, CV: Central vein, A: Alveoli.

Urea is a waste product produced by the liver and eliminated
through the kidneys, while creatinine is a waste product generated
by muscle metabolism and excreted through the kidneys. Elevated
levels of urea and creatinine in the blood can indicate impaired
kidney function and suggest the presence of kidney damage or
dysfunction.

Aminotransferases, such as alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), are enzymes primarily found in liver
cells. When liver cells are damaged or undergo injury, ALT and AST
can leak into the bloodstream, resulting in elevated levels. Therefore,
measuring ALT and AST levels in the blood can serve as indicators of
hepatic (liver) damage or dysfunction. Overall, monitoring biomarkers
such as urea, creatinine, ALT, and AST can provide valuable insights
into potential kidney and liver damage caused by toxic substances.
These biomarkers, along with clinical observations and other diagnostic
tests, contribute to a comprehensive evaluation of organ toxicity [16].

An increased or elevated level of these liver and kidney markers
indicates hepatotoxicity and nephrotoxicity, respectively [17]. The

liver enzymes provide information regarding cellular integrity,
while total protein and albumin levels provide information
regarding its functions [18]. In the present study, there was no
significant difference in liver and kidney markers when compared
to the control groups and the results were matching with the
reference range shown in the previous studies [7]. All other
biochemical parameters were not showed significant differences
from the control group.

Histopathological results of the heart showed normal myocardial fiber
in treated groups. Damaged muscle fibers nor signs of inflammation
were not observed [Figure 3-A’, A”]. Kidney showed the normal distal
and proximal tubules coated with a layer of cuboidal cells populated
with eosinophils [Figure 3-B’, B”]. There were no abnormalities
such as necrosis or inflammation observed in the liver section and
hepatocytes were normal, sponge-like structures with rounded nuclei
[Figure 3-C’, C”]. The lungs of the treated animals showed normal
alveolar structure and there was no presence of alveolar septa
thickening and dilated alveoli spaces [Figure 3-D’, D] [17,19].



Pai and Shenoy: Toxicity and safety profiling of F. jangomas 2024;12(1):258-264 263

Methanolic Fruit extract

Plant: Flacourtia jangomas (Lour.) Raeusch

Methanolic Leaf extract

There were no changes in haematological,
biochemical and histopathological
parameters compared to control group.

No toxicity observed in any of
the treated groups
Safe for further pharmaceutical

Figure 4: Diagrammatic representation summarizing the results.

5. CONCLUSION

In light of observations of acute oral toxicity study, according to the
physical observations, mortality, hematology, biochemical markers,
and histopathological study confirms the safety and tolerability of F.
jangomas methanolic leaf (FJL) and fruit (FJF) extract. There was an
insignificant change in a few parameters in all treated groups when
compared to the normal control. The LD, of F. jangomas methanolic
leaf (FIL) and fruit (FJF) extract is greater than 2,000 mg/kg b.wt
(single dose) in SD rats. Hence, the results propose that the plant is
non-toxic and safe for medicinal benefit. However, the drug can also be
studied for chronic toxicity study to check the dose-time relationship
of the drug that can be studied in the future.
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