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ABSTRACT 
 

Background: Working with bioactive substances from the medicinal plant requires various steps 
from plant extract preparation to the calculation for scientific evaluation and safe medicinal plant 
extract administration. The paper aims to discuss procedures involve in evaluating bioactive 
compounds from medicinal plants.  
Methodology: Review of relevant literature.  
Results: We have described the preparation of plant extract, toxicological methods of evaluating 
bioactive substances, vehicles for biological research, evaluating analgesic, neuropharmacological 
and anti-inflammatory activities from medicinal plants.  
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Conclusion: Medicinal plants are potent stores of bioactive compounds that needed to be 
carefully extracted, toxicologically and preliminarily evaluated in animals for new drug 
development.  
 

 
Keywords: Plant extract; toxicological methods; anti-inflammatory activities; evaluating analgesic 

activity. 

 
1. INTRODUCTION 
 
Delivery of plant extracts with                                 
bioactive pharmacological substances to 
laboratory animals is an important part of                        
the procedure in experimentations and 
experimental designs involving animals [1]. It is 
aimed at investigating clinical parameters,        
testing of pharmaceutical products, biomedical 
research, infectious disease agents, 
vaccinations, anesthetics, and analgesics, 
electrolytes, and nutraceuticals [1]. This process 
requires careful planning and consideration while 
minimizing risk or toxicity that may arise due to 
the administration of the extracts or 
pharmaceutical products. The calculation of 
doses and volumes to be administered to 
experimental animals is mandatory for 
acceptable scientific experiments. Toxicity 
studies are carried out to test the toxicity of either 
naturally occurring compounds from plant 
extracts or other synthetic therapeutic 
compounds. 

 
Medicinal plants are important sources of many 
therapeutic substances and are considered 
significance due to their varieties of secondary 
metabolites [2]. Therapeutic substances from 
plants and animals have a great impact on health 
and cancer chemoprevention [2-4]. 
Ethnobotanical survey shows that preparations 
from medicinal plants are used for management 
and as alternative therapy against common 
community ailments such as malaria, diabetes, 
sickle cell anemia, hypertension, ulcer, and 
paralysis, typhoid fever and immune deficiency 
[5]. Toxicity to medicinal plants has also been 
reported [6]. The search for natural sources for 
the formulation of therapeutics, cosmetic 
products and alternative therapies has increased 
the demand for medicinal plants [7]. Medicinal 
plants are explored as food, tea, perfume, pest-
control, anti-insects, and as a dyer besides 
medical and pharmaceutical uses [5]. The paper 
aims to discuss procedures involve in evaluating 
bioactive compounds from medicinal plants. 
 

2. COLLECTIONS, IDENTIFICATION, AND 
PROCESSING OF PLANT SAMPLE 

 

This involves collecting plant parts, which                     
could be leaves, roots, stem bark, fruit,                      
seeds, and flowers. The plant is then identified 
and deposited at plant herbarium (Fig. 1). The 
plant material may be collected fresh or dried. 
Fresh plant material is washed with clean water 
and air-dried in shade to minimize the loss of 
secondary plant metabolites. The dried plant 
sample is then ground to a coarse powder with 
mortar and pestle then further processed to a 
fine powder. 
 

3. PREPARATION OF PLANT EXTRACT 
 
Common methods used in the research 
laboratory include maceration (cold extraction) 
and soxhlet (hot) extraction. Extraction of          
water-soluble compounds (hydrophilic) uses a 
solvent suchas methanol, ethanol, and ethyl 
acetatewhile that of hydrophobic uses 
dichloromethane or a mixture of 
dichloromethane/methanol in the ratio of 1:1 
[8,9]. Different solvents are used to carry                  
out plant extraction based on solubility  
properties (Fig. 2). The solvent to be used  
largely depends on the target compound to be 
isolated. The figure below shows the solubility of 
different phytochemicals in commonly used 
solvents. 
 
4. EXTRACTION METHODS 
 
Methods used to obtain medicinal plant                    
extracts depend upon the final secondary 
metabolites targeted. Some of the                        
commonly used methods include decoction, 
maceration, infusion, percolation, soxhlet 
extraction, microwave-assisted extraction, 
accelerated solvent extraction, ultrasound-
assisted extraction, accelerated solvent 
extraction, and superficial fluid extraction (Table 
1). These various methods were described in the 
Table 1. 
 

 
 



 
Fig. 1. Steps in plant extraction preparation

 

 
Fig. 2. Solubility of bioactive compound from plants in different solvents
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Table 1. Extraction methods 
 

Extraction method Procedure Merit and demerit 
Decoction, maceration, 
infusion, 
Percolation 

Soak plant part in solvent and allow to stand for 
about 1-3days[2,10] 

 Simple to carry out [2] 
 A different choice of solvent 
 PH may be altered [11] 

Soxhlet extraction The sample is placed in the thimble and placed 
chamber of soxhlet. Solvent extraction [2] occurs 
by heating which vaporized and drip 

 Required small solvent 
 Involve the use of flammable and hazardous solvent [2]. 
  Often costly 
 It often considers temperature [12] 

Microwave-assisted 
extraction 

Interaction of microwave radiation with sample 
and solvent produce heating on the surface of the 
material [13,14]. 

 Suitable for polar molecules 
 Take less time 
 Thermal degradation may occur [13]. 
 

Ultrasound-assisted 
extraction 

Uses ultrasound (20-2000KHz) [10] and extraction 
occurs via mechanical effect from the ultrasound, 
which increases the surface area between sample 
and solvent [2]. 

 It is cost-effective 
 Suitable for large scale 
 It is rapid 
 Require temperature and pressure [2] which may destroyed 

phytochemicals  
Accelerated solvent 
extraction 

A sample is placed in the extraction cell and the 
solvent is added. The cell is pressurized and 
heated to a specific temperature [14,15]. 

 Higher yield 
 Suitable for quality control [15-17]. 

Superficial Fluid Extraction Uses pressure and temperature to separate 
extract from the matrix using superficial fluids for 
example CO2 became superficial fluid at 31.1°C 
and 7380 kPa 
 [2,18]. 

 Selective extraction due to varying temperature and pressure 
 Very costly [19]. 
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Table 2. Common vehicles used in animal research 
 

Vehicle Animal Route of administration Reference 
Acetate sodium Rat Oral  
Acetic acid Rat, mouse Intravenous, intraperitoneal [20-23] 
Acetone Rat, mouse, guinea pig, rabbit Oral, dermal [20,21] 
Alginic acid Rat Intraperitoneal [20,21] 
Benzoic acid Rat Oral [20,21] 
Beta-cyclo-dextrin Rat, primate Oral/intravenous [20,21] 
Citrate buffer Dog, rat Intravenous/oral [20,21] 
Carboxymethylcellulose Primates, rat Oral [20,21] 
Cyclohexane Rat/rabbit Oral [20,21] 
Dimethyl sulfoxide  (DMSO) Dog, rats, guinea pig, mouse primate Oral, intravenous, intraperitoneal, subcutaneous [20,21] 
Ethanol Dog, rat, primate Oral, intravenous, intraperitoneal [20,21] 
Glycerol Rat, mouse, guinea pig, rabbit Oral, intravenous, intraperitoneal [20,21] 
Dextrin Dog, rat Intravenous [20,21] 
D-glucose anhydrous Rat, primate, mouse Oral, intravenous subcutaneous [20,21] 
Ascorbic acid Rat Oral [20,21] 
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5. VEHICLES FOR BIOLOGICAL 
RESEARCH 

 

A vehicle may be defined as any substance used 
in dissolving experimental compounds thereby 
increasing its solubility. This also covers 
substances used for the formulation of 
pharmaceutical products term as non-active 
ingredients or excipients. To test whether a 
vehicle cause-effect to the administered animals, 
one group is normally treated with the vehicle 
and compare with the control.  Examples of 
some vehicles used for non-clinical purposes are 
given in Table 2. [20]. 
 

6. TOXICITY TEST IN ANIMALS 
 
Toxicity testing involves the assessment of a 
substance to ascertain its degree of toxicity. In 
toxicity testing, information about the toxic 
properties of a substance is evaluated. The 
following changes may be evaluated following 
the administration of plant extracts: behavior 
patterns, diarrhea, skin, eyes and saliva, and fur 
(hairs). 
 

7. CALCULATING MEDIAN LETHAL 
DOSE (LD50) FROM PLANT EXTRACT 

 

There are many methods for calculating LD50 for 
plant extracts in animals, for example, lorke’s 
method, kerbe’s method and up and down 
method. 
 

7.1 Lorke's Method 
 

Lorke’s method can be carried out in two phases. 
Phase one of the lorke’s method makes use of 
nine animals, which are divided into three groups 
with three animals in each group (Fig. 3). The 
following doses are administered to animals in 
each group (10, 100, and 1000 mg/kg) and the 
animals are observed for mortality and 
behavioral change for 24 hours. If no mortality 
occurs the experiment goes into the second 
phase [24]. 

 
In the second phase, three animals may be 
divided into three groups with each group having 
one animal (Fig. 3). The following doses are then 
administered (1600 mg/Kg, 2900 mg/Kg, and 
5000 mg/Kg) in the three groups respectively 
[24]. 
 
Calculation of LD50 using the formula 

 
LD50 =  √D0 × D100 

D0 = Highest dose that gave no mortality, 
D100 = Lowest dose that produced mortality. 
 

If for example the highest dose that gave no 
mortality of a leaf extract is 200 mg kg−1 and the 
lowest dose that produced mortality 400 mg 
kg−1. We can calculate the LD50 as  
 

LD50 =  √200 × 400 
 

LD50 = 282.84 mg kg − 1 
 

7.2 Karber's Method 
 

Karber’s method of toxicity test; test toxicity using 
different amounts of a substance to various 
groups. In these methods, 5 animals are placed 
in each group with the first group-receiving 
vehicle used in dissolving experimental 
compounds (tab.2). The other groups received 
different doses in increasing order. The mean of 
the mortality is reported in each of the groups 
[25]. 
 

Karber’s method Calculation of LD50 using the 
formula: 
 

LD50 =  LD100 − �{(� + �) ∕ �} 

 

Where,  
 

LD50 = Median lethal dose 
LD100 = Least dose required to kill 100% 
x = Dose difference 
y = Mean mortality 
n = Group population. 
 

7.3 Up and Down Method 
 

This approach involves the serial dosing with 
plant extract under investigation in animals one 
at time within 48 hours of time. Once the first 
dose is given, the next dose is decided by the 
result of the previous administered dose [25]. 
When the animal survives the previous dose the 
dose is increased upward, but it is adjusted 
downward when mortality is reported at the 
previous dose. A constant factor is normally 
maintained as the dose moves up or down hence 
the name “up and down method”. Testing stops 
when the upper limit (2000-5000 mg / kg) has 
been reached without mortality or the LD50 has 
been calculated from the test [25-27]. 
 

8. SELECTING ADMINISTRATION 
DOSES FROM LD50 

 

One tenth of the lethal dose (LD50) of mice is one 
of the main parameters used to obtain a safe 
starting dose [28]. Therefore, Once the LD50 of 



the extract is known, the dose can be selected by 
multiplying the LD50 with (1/10), (1/20), (1/40), 
(1/80), (1/160) and so on. Standard form for 
estimating starting dose for humans as well as in 
animals is to calculate one 10th of this lethal 
dose [29]. For example, if LD50 of an extract is 
greater than 5000mg/Kg, we can calculate the
doses to be administered to animals as follows:
 

1. 1/10 � 5000 ��/��   =  500 ��
2. 1/20 � 5000 ��/�� =  250 ��
3. 1/40 � 5000 ��/�� = 125 ��
4. 1/80 � 5000 ��/�� =  62.5 ��
5. 1/120 � 5000 ��/�� =  31.3 ��

 

9. PARENTERAL FORMULATIONS DOSE 
CALCULATION FOR DELIVERY INTO 
THE ANIMAL BODY 

 

The injection volumes of parenteral formulations 
are calculated by the equation presented below 

 
Fig. 3. Lorke’s method of LD
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the extract is known, the dose can be selected by 
0), (1/20), (1/40), 

(1/80), (1/160) and so on. Standard form for 
estimating starting dose for humans as well as in 
animals is to calculate one 10th of this lethal 

of an extract is 
greater than 5000mg/Kg, we can calculate the 
doses to be administered to animals as follows: 

��/�� 
��/�� 
��/�� 
��/�� 

��/�� 

PARENTERAL FORMULATIONS DOSE 
CALCULATION FOR DELIVERY INTO 

The injection volumes of parenteral formulations 
are calculated by the equation presented below 

[30]. Animal dose (mg/Kg) is normally selected 
based on the calculated LD50 for example 125, 
250, and 500 mg/Kg can be selected from the 
plant extract with LD50 greater than 5000 mg/Kg. 
concentration (mg/ml) represents the final 
concentration of the prepared extract or the 
pharmacological agent under investigation.
 

��������� ������ (��) =
������ ����ℎ� (��)

�������������� �
��
��

�
 

×  ������ ���� �
��

��
� 

 
For an animal of 120 g = 0.12
concentration of plant extract of 40
animal dose of 500 mg/Kg, we can calculate 
injection volume using the above equation.
 

��������� ������ (��) =
�.����

����/��
 ×

 
��������� ������ (��) =  1.5�� 

 

Lorke’s method of LD50 determination 
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[30]. Animal dose (mg/Kg) is normally selected 
for example 125, 

250, and 500 mg/Kg can be selected from the 
greater than 5000 mg/Kg. 

concentration (mg/ml) represents the final 
concentration of the prepared extract or the 
pharmacological agent under investigation. 

)

�

�

g = 0.12 Kg at 
concentration of plant extract of 40 mg/ml and 

mg/Kg, we can calculate 
injection volume using the above equation. 

×  500��/��  

 



10. EVALUATION OF ANALGESIC 
ACTIVITY FROM PLANT EXTRACT

 
10.1 Hot Plate Method 
 
Animals to be evaluated are normally treated 
according to the experimental design by the 
investigator and then placed on a hot plate at 
55°C within the restrainer of the plate. The 
reaction/latency time (seconds) for a rat to react 
for example 0,15,30,45 and 60 seconds is 
determined. It is recommended that maximum 
time should be 45 seconds after treatment to 
avoid injury [31,32]. 
 
Calculate Maximum Possible Analgesic (MPA) 
using the formula below. 

 

 

10.2 Tail-Flick Test (Tail immersion Te
 
Immerse about 5cm from the distal end of rat
in warm water at 55°C. Determine reaction time 
(seconds) taken by the rat to flick its tail due to 
pain. Omit the first reading and take the average 
of the next two readings. Take the maximum 
reaction to be 15 seconds to prevent injury 
[32,33]. 
 
Calculate Maximum Possible Analgesic (MPA) 
using the formula below 
 

 

11. EVALUATING NEUROPHAMACO
LOGICAL ACTIVITY FROM PLANT 
EXTRACT 

 

11.1 Thiopental Sodium
Sleeping Time 

 
Rats may be divided into groups according to 
experimental design with each group containing 
5 rats. Each group should be placed in a 
separate cage and treatments should be 
administered including negative, experimental 
groups, and standard drugs. Administer 
thiopental sodium 40 mg/kg intraperitoneally to 
induce sleep and place mice in an inverted 
position. Determine the time taken for the mice to 
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EVALUATION OF ANALGESIC 
ACTIVITY FROM PLANT EXTRACT 

Animals to be evaluated are normally treated 
according to the experimental design by the 
investigator and then placed on a hot plate at 

the restrainer of the plate. The 
reaction/latency time (seconds) for a rat to react 
for example 0,15,30,45 and 60 seconds is 
determined. It is recommended that maximum 
time should be 45 seconds after treatment to 

Possible Analgesic (MPA) 

 

Flick Test (Tail immersion Test) 

Immerse about 5cm from the distal end of rat-tail 
C. Determine reaction time 

(seconds) taken by the rat to flick its tail due to 
Omit the first reading and take the average 

of the next two readings. Take the maximum 
reaction to be 15 seconds to prevent injury 

Calculate Maximum Possible Analgesic (MPA) 

 

EVALUATING NEUROPHAMACO-
FROM PLANT 

Sodium-induced 

Rats may be divided into groups according to 
experimental design with each group containing 
5 rats. Each group should be placed in a 
separate cage and treatments should be 

including negative, experimental 
groups, and standard drugs. Administer 

mg/kg intraperitoneally to 
induce sleep and place mice in an inverted 
position. Determine the time taken for the mice to 

turn into normal position. Take the hypnot
as the interval between loss and recovery of the 
right reflex. Take latency as the time between 
injections of thiopental sodium to sedation [34].
 

12. EVALUATION OF ANTI
INFLAMMATORY ACTIVITY FROM 
PLANT EXTRACT 

 
Rats may be divided into groups 
the experimental design including negative, 
positive, and test groups.  For example (1%(v/v) 
tween-80 in distilled water 10 mg/kg may be 
used as negative control and indomethacin as 
oral suspension 10 mg/kg as a positive control 
[34]. Administer test groups according to 
experimental design and Induce sub
inflammation in all groups by subcutaneous by 
injecting 0.1 ml 2% formaldehyde at right paw. 
Measure the line circumference of the injected 
paw at 1 h, 2 h, 3 h, 4 h, 24 h, and 48
 

 
Where l0 = change in paw circumference in 
control group and l1 = change in paw 
circumference in drug treated group or test 
group. 
 

13. DISCUSSION 
 
Plants serve as a potent store of different 
phytochemicals that are beneficial to both 
humans and animals. Good research in the 
exploration of pharmacological activities of plants 
starts with the collection of plant material, 
identification, and processing of the plant sample 
into powder. Preparations of plant ex
done using a suitable solvent based on the target 
compound(s). Once plant extract has been 
prepared, it is important to carry out toxicity tests 
as some plant compounds are toxic [6] before 
deciding on the dose to be administered to 
animals for pharmacological evaluations. Toxicity 
testing helps to provide information on the 
relative safety of drug(s) on animal studies for 
example in preclinical studies before clinical 
studies are performed. Tests are usually carried 
out according to Lorke’s method developed in 
1983 or other methods based on the kind of 
experiment.  
 

Analgesic activities are widely determined from 
medicinal plants as plants are a rich source of 
pharmacological substances. Analgesics acts on 
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turn into normal position. Take the hypnotic index 
as the interval between loss and recovery of the 
right reflex. Take latency as the time between 
injections of thiopental sodium to sedation [34]. 

EVALUATION OF ANTI-
INFLAMMATORY ACTIVITY FROM 

Rats may be divided into groups depending on 
the experimental design including negative, 
positive, and test groups.  For example (1%(v/v) 

mg/kg may be 
used as negative control and indomethacin as 

mg/kg as a positive control 
er test groups according to 

experimental design and Induce sub-acute 
inflammation in all groups by subcutaneous by 

ml 2% formaldehyde at right paw. 
Measure the line circumference of the injected 

h, and 48 h [34]. 

 

= change in paw circumference in 
= change in paw 

circumference in drug treated group or test 

Plants serve as a potent store of different 
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humans and animals. Good research in the 
exploration of pharmacological activities of plants 
starts with the collection of plant material, 
identification, and processing of the plant sample 
into powder. Preparations of plant extract are 
done using a suitable solvent based on the target 
compound(s). Once plant extract has been 
prepared, it is important to carry out toxicity tests 
as some plant compounds are toxic [6] before 
deciding on the dose to be administered to 

harmacological evaluations. Toxicity 
testing helps to provide information on the 
relative safety of drug(s) on animal studies for 
example in preclinical studies before clinical 
studies are performed. Tests are usually carried 

method developed in 
1983 or other methods based on the kind of 

Analgesic activities are widely determined from 
medicinal plants as plants are a rich source of 
pharmacological substances. Analgesics acts on 
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the central nervous system and other pain 
mediators without affecting consciousness 
essentially interfering with the activities of key 
important enzymes and metabolic pathways. In 
this paper, we described two methods for 
analgesic activity testing: Hot plate and tail-flick 
tests. These tests are considered to be selective 
for different animal species and testing opioid-
like compounds [35,36]. A hot pate method is 
also suitable for determining neurologic pain and 
seeks to measure acute and non-inflammatory 
pain [37]. Neuropharmacological activities from 
plants are also evaluated to discover a new drug 
for treating neuropsychiatric disorders such as 
depression and anxiety. Natural compounds from 
plants prevent the inflammation process, a 
complex process that serves as a defense 
mechanism for the host [38]. Many plants exhibit 
anti-inflammatory effects though acting as 
inhibitors of enzymes and biochemical pathways 
involve information of cytokines and eicosanoids 
[38]. 
 

14. CONCLUSION 
 
Medicinal plants are potent stores of bioactive 
compounds that needed to be carefully 
extracted, toxicologically and preliminarily 
evaluated in animals for new drug development. 
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