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Abstract
The current study evaluated the prospective toxicity of hydroalcoholic extract of Piper longum L. (HEPL) dried fruits with 
acute and sub-acute oral administration in Wistar rats. During acute toxicity study, female rats were orally administered with 
HEPL at a single dose of 300 mg/kg and repeated dose of 2000 mg/kg (OECD guidelines-423). Subacute toxicity of HEPL 
(250, 500, and 1000 mg/kg p.o.) was studied with the control group (1% CMC) by daily dosing in Wistar rats of both sexes 
for 28 days. To assess reversibility, other satellite groups were kept for another two weeks post-treatment. The acute toxicity 
study showed no lethal effects, and toxicity signs and LD50 transpire more significantly than 2000 mg/kg. In subacute toxicity 
study, oral administration of extract for 28 days; caused no significant changes in body weights; food and water consump-
tion of rats were observed. In addition, no toxic effects of the extract on rats for hematological and biochemical parameters 
were observed. Histopathological analysis revealed no signs of degeneration for kidneys, testis, and ovaries; however liver 
showed mild multifocal hepatocellular necrosis with infiltration of inflammatory cells in rats treated with 1000 mg/kg of 
HEPL. These results showed that 250 mg/kg and 500 mg/kg were found safe, in addition to some liver toxicity was found 
for 1000 mg/kg. It is concluded that the oral LD50 of HEPL was more significant than 2000 mg/kg and is considered safe. 
Hence, Piper longum is safe in the short and long term for an oral dose.
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Introduction

The purpose of acute toxicity studies is to identify the 
dosage that produces death or severe toxicological conse-
quences once or for a few administrations. They are also 
used to give information on dosages for further research. 

These investigations offer a further chance in morphol-
ogy, clinical chemistry, or other assessments to identify 
compound-induced consequences (Haschek et al. 2013; 
King 2002). The assessment of possible harmful effects of 
a new medication after a treatment term of 2–4 weeks is 
performed in subacute toxicity studies. In order to determine 
dose ranges for future subchronic and chronic toxicity stud-
ies, subacute toxicity studies are performed as range-finding 
studies. Subacute toxicity studies may also assist early clini-
cal trials for up to 4 weeks of treatment duration(“A Compr. 
Guid. to Toxicol. Nonclinical Drug Dev.,” 2017). In recent 
years, different medicinal plants have been used for good 
health and the management of diseases. About 8% of the 
world’s population depends upon traditional medicine as 
primary health care because it is part of their culture and a 
trusted healing remedy (Ekor 2014). The use of traditional 
remedies improves due to their effectiveness, accessibility, 
and social acceptability by patients (Benzie et al. 2011; Patil 
et al. 2010). These traditional remedies can tackle diseases 
such as arthritis, diabetes, obesity, cardiovascular diseases, 
renal and liver diseases (Kunle 2012). Traditional remedies 
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are usually considered safe and low toxic based on humans’ 
long-term history of use (Ugwah-Oguejiofor et al. 2019). 
The recent surveys showed that many traditional remedies 
revealed adverse effects (Koduru et al. 2006). Since safety 
profile is determined by conducting toxicity studies on them, 
it is necessary to evaluate and standardize different tradi-
tional or herbal remedies to be used in animals and humans 
to assess potentially toxic or adverse effects.

Piper longum L., commonly known as Pipali, is a small 
aromatic plant with erect and thin branches. It belongs to 
the family Piperaceae. In India, the species is distributed 
across the Western Ghats, Maharashtra, Central Himalayas, 
to Assam Khasi and Milker Hills of Bengal (Kapoor 2017). 
The fruits of Piper longum Linn contain piperine and starch, 
carbohydrates, proteins, alkaloids, amygdalin, volatile oil, 
and saponins (Dasgupta et al. 1980; Zaveri et al. 2010). In 
traditional medicines, parts or sometimes whole plant is used 
to treat diabetes (Nabi et al. 2013), cardiovascular diseases 
(Shoji et al. 1986), snake bite (Shenoy et al. 2013), arthritis 
(Bang et al. 2009), fungal infections (Lee et al. 2001), depres-
sion (Li et al. 2007), and asthma (Bui et al. 2017). Also anti-
ulcer (Bajad et al. 2001), analgesic (Vedhanayaki et al. 2003), 
anti-inflammatory (Stöhr et al. 2001), and hepatoprotective 
(Koul et al. 1993) activities have been reported.

Siharat Chunlaratthanaphorn et al. reported acute and 
subchronic toxicity study of the water extract from dried 
fruits of Piper nigrum L. in rats. The results suggest that 
the water extract from the dried fruits of P. nigrum does 
not cause acute or subchronic toxicities in either male or 
female rats (Jaijoy et al. 2010). Piperine (1-piperoyl piperi-
dine) is a major alkaloid present in various piper species 
of Piperaceae. Pawinee Piyachaturawat et al. reported acute 
and subacute toxicity of piperine in mice, rats and hamsters. 
Most animals given a lethal dose died of respiratory paraly-
sis within 3–17 min. In subacute toxicity studies, the rats 
died within l-3 days after treatment. Histopathologic changes 
included severe hemorrhagic necrosis and edema in gastro-
intestinal tract, urinary bladder and adrenal glands. Death of 
these animals may be attributable to multiple dysfunctions 
in their organs (Piyachaturawat et al. 1983).

The use of this plant obtained great potential and high pop-
ularity due to its toxicity profile. Therefore, the current study 
investigates the acute and sub-acute toxic effects of hydroalco-
holic extract of dried fruits of Piper longum Linn in Wistar rats.

Materials and methods

Plant authentication and preparation of plant 
extract

Fruits of Piper longum L. were collected from the Pirangut 
area in Pune, Maharashtra, India, during October (2018) 

after the flowering season. Dr. C. R. Jadhav, Botanist, Botan-
ical Survey of India, Ministry of Environment, Forests and 
Climate Change, Koregoan Road, Pune, carried out taxo-
nomic identification and authentication. A voucher specimen 
(BSI/WRC/IDEN.CER./2029/H3) of the plant was deposited 
in our laboratory, Maratha Vidya Prasarak Samajs College 
of Pharmacy, Nashik.

The plant material was dried under normal conditions to 
maintain its active principles and reduced to a coarse powder 
using a mixer grinder. These powdered fruits were stored in 
a tight container. Powdered fruits of Piper longum L. were 
extracted separately with 1000ml of diluted alcohol (alcohol: 
water, 70:30) by heating under reflux on a water bath for 
6 h at 55 °C. The mixture was then filtered, and marc was 
extracted twice again in the same manner. The filtrates from 
each extracted step were pooled and concentrated under a 
vacuum using a rotary vacuum evaporator. After the com-
plete extraction process, the extract was stored in sterile bot-
tles under refrigeration conditions for further use.

Ethics approval and experimental animals

Male and female Wistar rats weighing about 150–200 g 
were obtained from Crystal Biological Solutions, Hande-
wadi, Pune, Maharashtra, India. Before the commencement 
of the study, all animals were acclimatized for one week. 
Standard commercial normal pellet diet (NPD) and water 
were provided ad libitum for the animals during an experi-
ment. The animals were maintained at controlled tempera-
ture (22 °C ± 2 °C) and relative humidity (55% ±5%) with 
12:12 h light and dark cycle. The study was approved by 
the Institutional Animal Ethics Committee (Protocol No: 
MVPCP/IAEC/2019/05) of Maratha Vidya Prasarak Samajs 
College of Pharmacy, Nashik constituted under Committee 
for the Purpose of Control and Supervision of Experiments 
on Animals (CPCSEA), Ministry of Environment and For-
ests, Government of India. According to established general 
guidelines in Guide for Care and Use of Laboratory Ani-
mals, ethical guidelines were strictly followed.

Preliminary phytochemical screening of extract

The preliminary phytochemical screening of the plant extract 
was carried out using different qualitative phytochemical 
tests. The presence of alkaloids, steroids, flavonoids, liganas, 
tannins, and saponins was tested (Khandelwal  2005).

Acute and subacute toxicity studies

Acute toxicity test

The oral acute toxicity study of the hydroalcoholic extract 
of Piper longum L. was carried out using a single dose of 
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2000 mg/kg following the Organization for Economic Co-
operation and Development (OECD) Guidelines no. 423 
(OECD 2008). The first set of three female rats were used 
for 300 mg/kg dose, and safety was observed. The second 
set of three female rats were used for 200 mg/kg dose level 
in the study, followed by the next three rats. An animal was 
weighed and dosed with an equivalent volume of extract 
dissolved in 1% carboxymethylcellulose. By using a gastric 
feeding tube, the plant extract was administered. All animals 
were observed after dosing for an initial 5 min for signs of 
regurgitation. Animals were observed individually at least 
once during the first 30, 60, 120, 180, and 240 min after 
dosing, with particular attention and once daily after that, 
for a total of 14 days for signs of toxicity (Changes in skin 
and fur, eyes and mucous membranes, respiratory, circula-
tory, autonomic and central nervous systems, somatomotor 
activity, behavior pattern, tremors, convulsions, salivation, 
lacrimation, diarrhea, lethargy, sleep, and coma) according 
to the specifications of OECD. All animals were monitored 
for 14 days for the long-term probable toxic outcome.

Subacute toxicity test

Male and female Wistar rats of 150–180 gm were assigned 
randomly to six groups (n = 10/group: five males and five 
females). Group I was the control group, and group II was 
satellite control that received vehicle only (1% carboxy-
methylcellulose), group III was satellite test that received 
1000 mg/kg dose while group IV–VI received 250, 500, and 
1000 mg/kg of the extract respectively. All the rats were 
dosed using a curved and ball-tipped stainless steel feed-
ing needle by oral gavage for 28 days as per OECD Guide-
lines-407. All animal weights were measured weekly while 
daily feed and water intake were recorded. The animals in 
the main groups were observed for 28 days, and those of 
the satellite groups were observed for 42 days after final 
dosing. On day 29, the rats from groups I, IV, V, and VI 
were weighed and sacrificed. Blood samples were collected 
by retro-orbital plexus for biochemical as well as hemato-
logical analyses. The Heart, Lungs, Ovary, Testis, Uterus, 
Kidney, Adrenal, Spleen, Pancreas, Liver were eradicated, 
weighed, trimmed, and then fixed in 10% formalin solution. 
Furthermore, histological analysis of organs like the heart, 
liver, testis, kidneys, and ovaries was done (OECD 2008).

Measurement of body and organ weights

Weights of all animals were measured weekly and weight 
gain was calculated using equation given below:

where, Wf = final weight, Wi = initial weight.

Weight gain(%) = (Wf −Wi∕Wi) × 100

After blood collection, the heart, lungs, ovary, testis, 
uterus, kidney, adrenal, spleen, pancreas, and liver were 
eradicated and weighed. The relative organ weight of every 
collected organ was determined by following equation:

Assessment of haematological parameters

All the blood samples for hematology were kept in an 
Eppendorf tube along with anticoagulant K2 ethylene 
diamine tetra-acetic acid (EDTA). Hematological analysis 
was performed using a Triscan Duo Autohematology Ana-
lyzer (Operon). Parameters analyzed include erythrocyte 
(RBC), total and differential leukocyte (WBC), hemoglobin 
(HGB), hematocrit (HCT), platelet count (PLT), mean cor-
puscular hemoglobin (MCH), mean corpuscular volume 
(MCV), mean platelet volume (MPV), red distribution width 
(RDW), platelet distribution width (PDW), procalcitonin 
(PCT), platelet large ration count (LPCR) and some other 
parameters.

Assessment of serum biochemical parameters

For biochemical analysis, blood was quietly placed in an 
Eppendorf tube to avoid hemolysis of blood cells. Centrifu-
gation of the blood sample was performed to obtain blood 
serum. Biochemical studies were carried out using standard 
methods for protein, albumin, glucose, urea nitrogen, creati-
nine, bilirubin, cholesterol, SGPT, and SGOT with the help 
of a smart 5 semi-auto biochemistry analyzer (Pathozyme).

Histopathological examination

On the 28th day, heart, ovaries, testis, kidney, and liver 
excised from the groups I and IV–VI were collected, 
weighed, and quickly set in 10% neutral buffered formalin 
at pH 7.4. It was also developed for histological studies. 
After the fixation procedure, tissues were cleansed in graded 
series of alcohol, washed in xylene, and inserted into paraf-
fin. Tissues were segmented by a microtome (5 μm thin), 
stained with hematoxylin and eosin dye, dried, and mounted 
on a light microscope (40 X) for histological examinations. 
The same procedure was followed for Group II and III after 
42 days, and the same organs were collected for histological 
examinations(Pieme et al. 2006).

Statistical analysis

All the results were expressed as the mean ± S.D. of five 
replicates. Using Graph Pad Prism Software, all the results 

Relative organ weight = (organ weight∕body weight) × 100
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were analyzed. All the groups were compared using a one-
way analysis of variance (ANOVA) followed by Dunnett’s 
post hoc test. Values were considered statistically significant 
at p ≤ 0.05.

Results

Preliminary phytochemical tests

From the preliminary phytochemical analysis, it was 
observed that the HEPL exhibited the presence of alkaloids, 
steroids, flavonoids, terpenoids, and liganas.

Table 1   The effects of the HEPL on food and water intakes in suba-
cute toxicity study

Treatment Sex Average food 
intake (g/d)

Average water 
intake (ml/d)

Control group Male 12.8 ± 1.11 24.18 ± 2.28
Female 12.0 ±1.23 18.70 ± 1.92

Satellite control Male 12.0 ± 0.98 23.15 ± 2.31
Female 11.4 ± 1.13 17.98 ± 1.97

Satellite group Male 13.2 ± 2.11 22.21 ± 3.09
Female 11.2 ± 1.17 17.11 ± 2.29

250 mg/kg Male 12.8 ± 0.99 24.64 ± 0.96
Female 11.6 ± 2.23 18.13 ± 2.31

500 mg/kg Male 12.4 ± 1.34 23.73 ± 0.66
Female 11.5 ± 1.21 18.14 ± 1.02

1000 mg/kg Male 12.8 ± 0.98 23.54 ± 1.22
Female 11.6 ± 1.25 19.01 ± 2.21

Fig. 1   Feed (g/100 g body weight) and water (ml/100 g body weight) consumption of male (A, C) and female (B, D) animals of control and 
treated with HEPL at the doses of 250, 500 and 1000 mg/kg in the subacute toxicity study. The values are presented as mean ± S.D., (n = 5)
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Acute toxicity studies of HEPL in rats

The acute toxicity test at an oral dose of 2000 mg/kg of 
hydroalcoholic extract of Piper longum L. caused no death 
in the rats. No toxicity or lethal effects were observed in the 
animals throughout the 14 days study period. Hence, the 
extract may be safe and oral LD50 is more significant than 
5000 mg/kg in Wistar rats.

Subacute toxicity studies of HEPL in rats

It was observed that hydroalcoholic extract of Piper longum 
at the doses of 250, 500, and 1000 mg/kg were found to 
be safe throughout the 28 days of the treatment. Whereas 
at higher doses, it showed some toxicity. These were con-
firmed by less weight gain, biochemical parameters, and 

histopathology results. Satellite groups recovered these indi-
cations. In this investigation, all the extract-treated animals’ 
clinical signs, body weights, dietary intake, hematological 
and serum biochemical tests, organ weight, necropsy, and 
histological analysis did not display any significant toxico-
logical signs. No specific toxicity signs were observed in the 
extract-treated rats compared with the control.

Effect of HEPL on feed and water intake

The effects of the HEPL on the food and water intakes in 
subacute treatment are depicted in Table 1, and the graphs 
of the same are illustrated in Fig. 1. The single oral daily 
administration of the extract HEPL at study doses (250, 500, 
and 1000 mg/kg) and satellite groups for 28 days caused 

Table 2   The effects of the HEPL on the body weight gain (%) in subacute toxicity study

Group Body weight (gm)

Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Male
Control 168.4 ± 8.32 178.2 ± 7.52 186.8 ± 7.26 195.0 ± 7.35 203.6 ± 7.77
Satellite control 161.4 ± 5.08 170.8 ± 5.63 180.0 ± 5.52 189.2 ± 4.76 197.9 ± 4.93 205.5 ± 2.06 215.1 ± 2.17
Satellite test 160.8 ± 3.35 169.8 ± 3.03 178.8 ± 2.77 186.3 ± 3.07 194.3 ± 2.68 206.7 ± 3.03 216.3 ± 3.13
250 mg/kg 167.0 ± 5.00 177.6 ± 7.44 187.0 ± 7.71 196.2 ± 7.33 204.2 ± 7.76
500 mg/kg 168.4 ± 3.85 177.2 ± 3.56 186.8 ± 4.09 196.4 ± 4.62 205.8 ± 3.7
1000 mg/kg 167.8 ± 2.86 175.5 ± 3.26 182.9 ± 2.9 190.5 ± 2.82 197.5 ± 2.96
Female
Control 163.0 ± 6.12 172.6 ± 6.43 180.8 ± 6.14 189.0 ± 5.74 198.6 ± 5.32
Satellite control 159.2 ± 1.92 168.6 ± 2.41 177.8 ± 2.75 187.2 ± 2.95 197.0 ± 3.08 206.1 ± 3.09 213.3 ± 5.40
Satellite test 158.2 ± 3.49 166 ± 3.37 174.2 ± 3.55 181.8 ± 3.78 189.5 ± 3.91 208.5 ± 6.23 217.8 ± 6.23
250 mg/kg 167.4 ± 3.21 177.6 ± 3.65 186.4 ± 3.91 195.2 ± 3.70 205 ± 4.74
500 mg/kg 170 ± 4.18 179 ± 4.18 188.6 ± 4.56 197.4 ± 3.51 206.4 ± 3.51
1000 mg/kg 168 ± 5.24 175.9 ± 5.30 183.5 ± 6.07 191.4 ± 6.04 199.1 ± 6.1

Fig. 2   The body weight gain of male (A) and female (B) in subacute studies of control and treated with HEPL at the doses of 250, 500 and 
1000 mg/kg in the subacute toxicity study. The values are presented as mean ± S.D., (n = 5)
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no significant changes (p ≥ 0.05) in food and water intakes 
compared with the control group.

Effect of HEPL on the body weights of rats

The effects of the HEPL on the body weights of rats before, 
during, and after the subacute treatment are showed in 
Table 2, and the graphs are depicted in Fig. 2. The single 
oral daily administration of HEPL to rats at study doses 
(250, 500, and 1000 mg/kg) and satellite groups for 28 
days did not produce any significant change (p > 0.05) in 
body weights compared with the control group. Hence, 
non-significant increases in body weights were observed in 
treatment and satellite groups compared to normal control.

Effect of HEPL on relative organ weights

The effects of the HEPL on relative organ weights of rats 
after the subacute treatment are shown in Table 3. The 
single oral daily administration of HEPL to rats at study 
doses (250, 500, and 1000 mg/kg) and satellite groups for 
28 days did not cause any significant alteration (p > 0.05) 
in relative organ weights compared with the control group.

The values are expressed as mean ± S.D., (n = 5).

Effect of HEPL on hematological parameters

The effects of the HEPL on hematological parameters of 
rats after the subacute treatment are tabulated in Table 4. 

All the tested different hematological parameters includ-
ing Red blood cells (RBCs) count, differential leukocyte 
(WBC), hemoglobin (HGB), hematocrit (HCT), Platelet 
count (PLT), mean corpuscular hemoglobin (MCH), Mean 
corpuscular volume (MCV), Mean platelet volume (MPV), 
red distribution width (RDW), platelet distribution width 
(PDW), procalcitonin (PCT) and platelet large ration count 
(LPCR) were within the normal range compared to control 
group. No toxicologically significant changes (p > 0.05) in 
study doses (250, 500, and 1000 mg/kg), satellite groups 
and control group were found.

Effect of HEPL on biochemical parameters

The effects of the HEPL on biochemical parameters of rats 
after the subacute treatment for 28 days are depicted in 
Table 4. There was no significant difference (p > 0.05) in 
levels of protein, albumin, glucose, bilirubin, and cholesterol 
at the study doses (250, 500, and 1000 mg/kg) and satel-
lite groups for 28 days when compared with normal. The 
creatinine kidney function test did not show any significant 
(p > 0.05) changes in study and satellite groups compared to 
normal. The significant changes (*p < 0.05) were observed 
for urea for 1000 mg/kg in male and female rats, which were 
recovered in satellite groups to normal levels. Furthermore, 
there was no significant difference (p > 0.05) in the levels 
of ALT (SGOT) of liver functions enzyme in study doses 
and satellite groups compared to normal while significant 
changes (*p < 0.05) were observed for urea for 1000 mg/kg 
dose in male and female which was recovered in satellite 
groups to normal levels (Table 5).

Table 3   The effects of the HEPL on the relative weight of organs (%) in subacute toxicity study

Group Relative organ weight (%)

Heart Lung Ovary/ Testis Uterus Kidney Adrenal Spleen Pancreas Liver

Male
Control 0.35 ± 0.02 0.74 ± 0.03 1.03 ± 0.06 – 0.71 ± 0.02 0.02 ± 0.003 0.36 ± 0.03 0.21 ± 0.03 2.98 ± 0.22
Satellite control 0.34 ± 0.01 0.74 ± 0.02 1 ± 0.05 – 0.71 ± 0.01 0.02 ± 0.003 0.34 ± 0.01 0.19 ± 0.02 2.75 ± 0.22
Satellite test 0.34 ± 0.01 0.73 ± 0.02 0.98 ± 0.04 – 0.71 ± 0.01 0.02 ± 0.002 0.33 ± 0.01 0.19 ± 0.02 2.81 ± 0.12
250 mg/kg 0.35 ± 0.02 0.74 ± 0.03 1.05 ± 0.04 – 0.69 ± 0.04 0.02 ± 0.003 0.35 ± 0.01 0.20 ± 0.02 2.92 ± 0.17
500 mg/kg 0.36 ± 0.01 0.73 ± 0.01 1.07 ± 0.03 – 0.69 ± 0.01 0.02 ± 0.003 0.35 ± 0.01 0.19 ± 0.02 2.94 ± 0.10
1000 mg/kg 0.36 ± 0.01 0.77 ± 0.02 1.09 ± 0.02 – 0.72 ± 0.01 0.02 ± 0.003 0.36 ± 0.01 0.2 ± 0.01 3.01 ± 0.16
Female
Control 0.37 ± 0.01 0.76 ± 0.02 0.03 ± 0.004 0.39 ± 0.02 0.71 ± 0.01 0.02 ± 0.002 0.35 ± 0.01 0.21 ± 0.03 3.01 ± 0.19
Satellite control 0.35 ± 0.01 0.73 ± 0.02 0.03 ± 0.003 0.39 ± 0.02 0.70 ± 0.02 0.02 ± 0.002 0.34 ± 0.02 0.19 ± 0.02 2.84 ± 0.21
Satellite test 0.35 ± 0.01 0.73 ± 0.01 0.03 ± 0.002 0.38 ± 0.01 0.71 ± 0.01 0.02 ± 0.002 0.31 ± 0.01 0.20 ± 0.02 2.76 ± 0.09
250 mg/kg 0.36 ± 0.02 0.74 ± 0.02 0.03 ± 0.003 0.39 ± 0.02 0.69 ± 0.01 0.02 ± 0.001 0.35 ± 0.01 0.20 ± 0.02 2.98 ± 0.18
500 mg/kg 0.35 ± 0.01 0.73 ± 0.02 0.03 ± 0.003 0.38 ± 0.02 0.70 ± 0.03 0.02 ± 0.003 0.34 ± 0.02 0.21 ± 0.02 2.98 ± 0.13
1000 mg/kg 0.35 ± 0.01 0.76 ± 0.02 0.03 ± 0.004 0.39 ± 0.02 0.72 ± 0.01 0.02 ± 0.003 0.36 ± 0.01 0.21 ± 0.01 3.05 ± 0.13
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Table 4   The effects of the HEPL on hematological parameters in subacute toxicity study

The values are expressed as mean ± S.D., (n = 5)

Parameters Control Satellite control Satellite test 250 mg/kg 500 mg/kg 1000 mg/kg

Male
RBC (×106ul) 8.30 ± 0.59 8.03 ± 0.39 8.14 ± 0.27 8.44 ± 0.58 8.63 ± 0.47 8.54 ± 0.63
WBC(×103ul) 7.38 ± 1.01 7.14 ± 0.40 7.92 ± 0.91 7.28 ± 0.70 7.44 ± 1.16 7.32 ± 0.64
LY (×103ul) 5.34 ± 0.86 4.98 ± 0.16 5.56 ± 0.86 5.22 ± 0.41 5.34 ± 0.90 5.20 ± 0.68
MO (×103ul) 0.50 ± 0.10 0.58 ± 0.13 0.68 ± 0.13 0.46 ± 0.09 0.54 ± 0.15 0.56 ± 0.11
NEUT (×103ul) 1.54 ± 0.18 1.58 ± 0.22 1.68 ± 0.13 1.60 ± 0.22 1.56 ± 0.30 1.56 ± 0.24
LY (%) 72.19 ± 2.98 69.86 ± 3.16 69.98 ± 3.56 71.80 ± 1.54 71.71 ± 4.11 70.90 ± 4.96
MO (%) 6.62 ± 0.33 8.08 ± 1.55 8.63 ± 1.57 6.29 ± 0.73 7.21 ± 1.16 7.71 ± 1.82
NEUT (%) 21.08 ± 3.21 22.06 ± 1.92 21.40 ± 2.52 21.91 ± 1.29 22.14 ± 2.61 21.39 ± 3.59
Hgb (g/dl) 15.88 ± 0.82 16.54 ± 0.67 16.44 ± 0.17 16.58 ± 0.18 16.44 ± 0.15 16.52 ± 0.20
HCT (%) 60.76 ± 4.25 54.84 ± 2.82 66.34 ± 6.53 63.36 ± 1.49 63.10 ± 2 63.52 ± 3.28
PLT (×103ul) 789.40 ± 40.01 813.20 ± 33.03 851.20 ± 33.95 845.80 ± 36.45 845.80 ± 63.08 858.0 ± 37.48
MCH (pg) 19.62 ± 1.07 18.82 ± 0.84 19.78 ± 0.85 19.74 ± 0.60 19.44 ± 0.63 19.66 ± 0.76
MCHC (g/dl) 26.84 ± 0.69 25.60 ± 0.45 25.64 ± 0.73 27.12 ± 0.71 26.80 ± 0.27 26.52 ± 0.54
MCV (fl.) 73.06 ± 2.69 73.68 ± 2.16 77.22 ± 2.02 75.08 ± 2.28 77.22 ± 8.15 74.62 ± 1.33
MPV (fl.) 8.42 ± 0.19 8.18 ± 0.16 9.14 ± 0.55 8.96 ± 0.78 9.12 ± 0.74 8.96 ± 0.35
RDW (%) 29.74 ± 1.85 28.24 ± 1.54 29.00 ± 1.65 27.22 ± 0.94 26.80 ± 1.62 26.94 ± 0.93
PDW (fl.) 11.58 ± 0.67 10.56 ± 0.22 13.20 ± 1.66 11.82 ± 0.75 12.96 ± 2.13 12.82 ± 2.17
PCT (%) 0.68 ± 0.08 0.66 ± 0.11 0.48 ± 0.14 0.66 ± 0.14 0.69 ± 0.09 0.70 ± 0.70
PLCR 17.10 ± 1.78 15.26 ± 1.32 22.46 ± 4.55 21.58 ± 6.58 21.82 ± 1.59 21.84 ± 1.56
Female 
RBC (×106ul) 8.35 ± 0.80 8.39 ± 0.33 8.80 ± 0.58 8.70 ± 0.38 8.56 ± 0.44 8.55 ± 0.52
WBC(×103ul) 7.42 ± 1.18 7.98 ± 0.34 7.96 ± 0.87 8.06 ± 0.83 7.92 ± 0.91 7.34 ± 0.69
LY (×103ul) 5.40 ± 1.06 5.68 ± 0.22 5.64 ± 0.76 5.74 ± 0.70 5.58 ± 0.76 5.20 ± 0.56
MO (×103ul) 0.50 ± 0.07 0.58 ± 0.08 0.64 ± 0.11 0.60 ± 0.07 0.74 ± 0.11 0.56 ± 0.11
NEUT (×103ul) 1.52 ± 0.19 1.72 ± 0.13 1.68 ± 0.19 1.72 ± 0.13 1.60 ± 0.27 1.58 ± 0.13
LY (%) 72.47 ± 3.56 71.20 ± 1.07 70.71 ± 3.47 71.12 ± 1.63 70.36 ± 4.19 70.79 ± 2.04
MO (%) 6.90 ± 1.67 7.27 ± 0.99 8.05 ± 1.22 7.48 ± 0.94 9.41 ± 1.65 7.59 ± 1.16
NEUT (%) 20.63 ± 2.06 21.54 ± 0.87 21.23 ± 2.73 21.40 ± 1.11 20.23 ± 2.88 21.62 ± 1.94
Hgb (g/dl) 17.02 ± 0.40 16.94 ± 0.71 16.92 ± 0.51 16.60 ± 0.38 17.08 ± 0.50 16.80 ± 0.53
HCT (%) 63.52 ± 1.20 63.06 ± 2.18 63.30 ± 5.38 63.06 ± 2.18 64.34 ± 6.53 64.34 ± 6.53
PLT (×103ul) 847.40 ± 37.67 862.40 ± 15.84 835.60 ± 44.12 842.40 ± 54.36 863.60 ± 57.47 820.40 ± 39.72
MCH (pg) 19.78 ± 0.52 19.34 ± 0.51 19.52 ± 0.47 19.34 ± 0.51 19.18 ± 0.63 19.44 ± 0.69
MCHC (g/dl) 26.68 ± 0.42 25.56 ± 0.23 26.04 ± 0.57 25.56 ± 0.23 25.64 ± 0.73 25.20 ± 0.98
MCV (fl.) 74.22 ± 1.90 75.84 ± 1.75 75.08 ± 2.28 75.84 ± 1.75 77.22 ± 2.02 75.96 ± 1.55
MPV (fl.) 8.96 ± 0.78 8.66 ± 0.36 8.52 ± 0.30 8.66 ± 0.36 9.22 ± 0.29 9.38 ± 0.22
RDW (%) 27.82 ± 1.21 28.26 ± 0.80 28.24 ± 2.43 28.26 ± 0.80 29.00 ± 1.65 28.06 ± 0.61
PDW (fl.) 12.96 ± 2.13 11.62 ± 1.06 11.82 ± 0.75 11.62 ± 1.06 13.20 ± 1.66 13.20 ± 1.66
PCT (%) 0.70 ± 0.07 0.62 ± 0.13 0.59 ± 0.07 0.62 ± 0.13 0.45 ± 0.12 0.47 ± 0.12
PLCR 21.58 ± 6.58 18.96 ± 2.67 18.18 ± 2.11 18.96 ± 2.67 23.26 ± 3.13 23.88 ± 2.40

Effect of HEPL on histological parameters

Histological evaluations of heart, kidneys, ovaries, and testis 
in rats revealed no significant changes in study doses (250, 
500, and 1000 mg/kg) and satellite groups compared with 

the control group, as shown in Figs. 3 and 4. However, liver 
of 1000 mg/kg HEPL treated test groups showed mild mul-
tifocal hepatocellular necrosis with infiltration of inflamma-
tory cells, which was recovered in satellite groups to normal 
when observed under a light microscope.
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Discussion

Data from literature showed that piperine has a stimulat-
ing effect on the central nervous system and an increase in 
respiratory activity in all animal species studied. It is doubt-
ful that piperine will have a poisonous effect on humans, 
given that the amount taken would be less than the toxic 
dose of 250 mg/kg body weight per day (Piyachaturawat 
et al. 1983). Piperine increases permeability of rat intestinal 
epithelial cells, possibly by interacting with the lipid envi-
ronment (Johri et al. 1992). Furthermore, an aqueous extract 
(10% w/v) of black pepper increases gastric acid secretion in 
anesthetized albino rats (Vasudevan et al. 2000). This cur-
rent study revealed the acute and subacute toxicity of Piper 
longum in Wistar rats. After the acute toxicity study, no tox-
icity or death-associated signs and symptoms were observed. 
A single dose of administration of HEPL (2000 mg/kg) did 
not display any significant changes in clinical signs and 
symptoms. Moreover, after the acute toxicity study period 
(14 days), no form of changes in any inner organs was evalu-
ated compared to the control group. As per OECD criteria, 
category 5 with no animal death, the LD50 of the plant is 
more significant than 5000 mg/kg may be safe.

In the subacute toxicity study (28 days), after oral admin-
istration of HEPL (250, 500, and 1000 mg/kg) in study 
groups and satellite groups, no death of rats was observed, 
and no significant changes in food or water consumption 

compared to the control group. Hence, food and water intake 
are the symbols of usual health. The weights of the organs 
are the signs of the physiological and pathological health sta-
tus of animals, while organ weights are indicators of toxicity 
in animals evaluated by toxicity tests (Cajuday et al. 2010; 
El Hilaly et al. 2004; Raina et al. 2015). Oral administration 
of herbal drugs sometimes shows toxic effects on essential 
organs like the heart, spleen, liver, and kidneys which play 
a vital role in normal physiological functioning (Ezeja et al. 
2014). The liver and kidneys are the most important organs 
for xenobiotic actions like xenobiotic biotransformation and 
excretion of xenobiotics(Borawska et al. 2014). Our study 
showed no significant changes in organ weights (Table 3) of 
test and satellite groups compared with the control group, 
suggesting that the HEPL was not toxic to the animals. The 
nutritional status of animals is associated with changes in 
body weight(Kim et al. 2020). After a subacute toxicity 
study, all the animals revealed a steady rise in body weight. 
It showed that the daily intake of HEPL did not change the 
food and water consumption.

An assessment of hematological parameters plays an 
essential role in determining the health status of an indi-
vidual (Rogić 2008). These parameters do not represent the 
toxic effects of compounds but also showed the changes 
in blood-related constituents. The hemopoietic system is 
an essential index of pathological and physiological sta-
tus in both humans and animals. Our findings showed no 

Table 5   Effects of the HEPL on biochemical parameters in subacute toxicity study

The values are expressed as mean ± S.D., (n = 5)

Parameters Control Satellite control Satellite test 250 mg/kg 500 mg/kg 1000 mg/kg

Male
Protein (g/dl) 6.98 ± 0.22 6.84 ± 0.25 6.96 ± 0.18 6.80 ± 0.25 6.88 ± 0.18 6.88 ± 0.19
Albumin (g/dl) 3.44 ± 0.21 3.42 ± 0.29 3.64 ± 0.11 3.36 ± 0.21 3.38 ± 0.23 3.32 ± 0.33
Glucose (mmol/l) 97.14 ± 4.93 96.98 ± 6.79 93.42 ± 5.67 93.18 ± 4.51 94.14 ± 3.48 94.6 ± 5.69
Urea (mmol/l) 17.68 ± 0.54 17.62 ± 0.88 18.04 ± 0.18 17.06 ± 0.74 17.32 ± 0.70 19.54 ± 0.89*
Creatinine(mg/dl) 0.64 ± 0.05 0.62 ± 0.04 0.64 ± 0.11 0.66 ± 0.05 0.66 ± 0.05 0.68 ± 0.04
Bilirubin (mg/dl) 0.33 ± 0.03 0.34 ± 0.05 0.36 ± 0.02 0.35 ± 0.02 0.36 ± 0.02 0.35 ± 0.02
Cholesterol(mg/dl) 61.46 ± 4.34 60.92 ± 4.8 62.12 ± 3.93 62.74 ± 3.24 62.3 ± 3.93 59.86 ± 2.81
AST (SGPT) (U/L) 43.28 ± 3.97 44.14 ± 3.06 48.84 ± 5.48 45.00 ± 5.39 47.38 ± 9.20 53.58 ± 6.02*
ALT(SGOT) (U/L) 107.56 ± 9.07 103.5 ± 6.57 105.3 ± 9.47 101.16 ± 7.67 102.06 ± 4.62 100.76 ± 8.40
Female 
Protein (g/dl) 6.88 ± 0.28 6.86 ± 0.29 6.92 ± 0.22 6.92 ± 0.24 6.82 ± 0.16 6.90 ± 0.24
Albumin (g/dl) 3.38 ± 0.18 3.50 ± 0.19 3.22 ± 0.28 3.08 ± 0.22 3.20 ± 0.20 3.46 ± 0.23
Glucose (mmol/l) 94.94 ± 5.04 92.78 ± 5.95 97.24 ± 6.53 96.62 ± 6.73 97.88 ± 5.11 93.52 ± 7.05
Urea (mmol/l) 17.16 ± 0.62 17.64 ± 0.61 17.60 ± 0.29 17.40 ± 0.47 17.10 ± 0.34 18.18 ± 0.44*
Creatinine(mg/dl) 0.66 ± 0.05 0.62 ± 0.08 0.68 ± 0.08 0.66 ± 0.09 0.68 ± 0.04 0.70 ± 0.07
Bilirubin (mg/dl) 0.34 ± 0.04 0.36 ± 0.02 0.36 ± 0.02 0.36 ± 0.02 0.35 ± 0.02 0.35 ± 0.02
Cholesterol(mg/dl) 62.02 ± 3.25 63.10 ± 4.04 63.26 ± 3.52 60.60 ± 4.41 62.06 ± 3.33 63.72 ± 4.15
AST (SGPT) (U/L) 43.06 ± 5.96 42.98 ± 2.63 45.54 ± 2.25 43.42 ± 3.91 43.94 ± 3.18 50.72 ± 5.15*
ALT(SGOT) (U/L) 104.42 ± 8.20 104.48 ± 6.92 102.84 ± 7.05 101.25 ± 4.93 100.16 ± 6.56 101.7 ± 5.09
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noticeable hemolytic change in RBC, WBC, Hb, HCT, PLT, 
MCH, MCHC, MCV, and RDW. The extract evaluated no 
significant difference on the RBCs, which indicates that the 
HEPL does not affect morphology, hemorrhage, leukemia, 
erythropoiesis, or osmotic frugality of red blood cells (Por-
wal et al. 2017). WBCs play a vital role in defending the 
body’s response to tissue injury, infectious diseases, or any 
kind of inflammation. Furthermore, no significant differ-
ences were observed in the levels of WBCs or their sub-
types, including lymphocytes, monocytes, and neutrophils, 
in study groups and satellite groups compared to the control 
(Table 4). This revealed that HEPL is non-toxic and safe. 
There was an increase in platelet count, but no significant 
changes were observed.

The functions of the liver were evaluated by the serum 
protein, albumin, and bilirubin. The increased serum lev-
els depicted the cancerous conditions, while reduced serum 
levels indicate reduced synthetic functions (Ricchiuti 1999). 
Our findings showed no significant changes in the serum 
protein, albumin, and bilirubin were observed compared to 
the control group. Hence, it can be concluded that HEPL 
does not affect the normal functioning of the liver. Also, 
increased serum transaminase enzymes (AST and ALT) are 
an essential hallmark of liver impairment. The nonsignifi-
cant changes in AST and ALT activities were observed in the 
test groups. The retention of urea and creatinine are signs of 
kidney impairment[33]. The nonsignificant changes in urea 

Fig. 3   The histological results (male rats) of heart, kidney, liver, and 
testis sections in control, satellite, and HEPL treated groups. The liver 
of the test groups of rats for 1000 mg/kg treated groups showed mild 

multifocal hepatocellular necrosis with infiltration of inflammatory 
cells, which was recovered in satellite groups to normal. The other 
organ sections were similar to the control
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and creatinine activities in study groups show no alteration 
in kidney functioning.

Histological studies are used to determine pathological 
changes in different tissues and organs. Histological exami-
nation of heart, liver, kidneys, testis, and ovaries of control 
group rats did not show any abnormalities. Microscopic 
examination of liver in test group rats at high dose showed 
mild multifocal hepatocellular necrosis with infiltration of 
inflammatory cells (Figs. 3 and 4). Similarly, when tested 
for the satellite control group, the first animal liver showed 
mild multifocal hepatocellular necrosis with infiltration of 
inflammatory cells, but the other two showed routine pathol-
ogy. It indicates that the recovery takes place in animals after 

a given washout period. Hence, it suggests that the extract 
may not be toxic to the liver. Histological examination of 
the kidneys in male and female Wistar rats did not make 
any severe toxic alteration, confirming the safety of HEPL 
in the kidney.

It is concluded that the oral LD50 of hydroalcoholic 
extract of Piper longum L. is greater than 2000 mg/kg 
and is considered safe. The results obtained in 28 days 
oral subacute toxicity study indicates that the extract did 
not alter food intake, water consumption, body weight, 
or relative organ weights. Also, the extract did not have 
significant alteration in hematological and blood chemis-
try examination on both sexes. Furthermore, histological 

Fig. 4   The histological results (female rats) of heart, kidney, liver, 
and testis sections in control, satellite, and HEPL treated groups. The 
liver of test groups of rats treated with 1000 mg/kg showed mild mul-

tifocal hepatocellular necrosis with infiltration of inflammatory cells, 
which was recovered in satellite groups to normal. The other organ 
sections were similar to the control
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examinations after prolonged administration determined 
that it may not cause toxicity towards the heart, kidneys, 
ovaries, and testis, while mild toxicity to the liver was 
observed; this was recovered after the washout period. 
Hence, Piper longum L. is found to be safe in short and 
long-term use for an oral dose.
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