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Abstract
India has got rich cultural inheritage in the forms of Ayurveda texts which are a rich and ample source of herbs, shrubs, 
trees and affluent in medicinally active phytoconstituents. Aconitum napellus is used for the cure of many ailments includ-
ing rheumatoid arthritis, sciatica and gout. The present work attempts to evaluate the physicochemical and preliminary 
phytochemical studies on the tubers of Aconitum napellus along with its antidiabetic activity. The herbal standardization 
was carried out on the basis of organoleptic properties, physical characteristics and physicochemical properties. The body 
weight of ACON-I (1.25 mg/kg) and ACON-II (2.5 mg/kg) was recorded as 190.40 and 209.40 g, respectively, compared with 
163.00 g in diabetic rats at day 28. The body weight of ACON-I and ACON-II was significantly increased compared with 
diabetic rats (p < 0.01). However, the body weight of ACON-I and ACON-II was decreased significantly (p < 0.01) compared 
with normal group (222.60 g). The blood glucose levels of diabetic rats and ACON-I group were recorded as 277.800 and 
152.400 mg/dl, respectively, compared with 83.600 mg/dl in normal rats (p < 0.01). However, the HbA1c levels of diabetic 
rats and ACON-I group were recorded as 11.306 and 6.936% Hb, respectively, compared with 4.539% Hb in normal rats. 
The glucose and HbA1c levels of diabetic and ACON-I groups were significant compared with normal group (p < 0.01). 
The results of antidiabetic activity showed that the plant can be used as a potent source for the treatment of diabetes and 
its complications. The results of this work provided the referential information for the identification and standardization of 
Aconitum napellus along with its role as a hypoglycemic agent.
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Introduction

Diabetes is a metabolic disorder which is consequential to 
high blood glucose level, either because pancreas does not 
generate adequate amount of insulin or cells do not act in 

response to that insulin. The sedentary life style and obesity 
is the best known reason for diabetes. It becomes pandemic 
and the best known cause of mortality and morbidity (Leit-
ner et al. 2017). Basically three types, i.e. type 1, type 2 
and type 3 (gestational) of diabetes exist which occurs dur-
ing pregnancy and engrosses threat mutually for the mother 
and child. The World Health Organization (WHO) states 
that there are 366 million people who are diagnosed with 
diabetes in 2011 and it will rise to 552 million by 2030. The 
estimated worldwide prevalence of diabetics in 2000 was 
2.8% and it is projected to 5.4% in 2025 (Rao et al. 2010).

Aconite is being used in the traditional medicine of China 
(TCM) and of India (Ayurveda) (Mishra 2000; Heiner 2012). 
Aconite originates throughout the globe, but it is native to 
Asia, Europe and America (Dubey et al. 2012). It is widely 
found in Himalayas along with the costal districts of Orissa 
(Chhetree et al. 2010). Worldwide the plant Aconitum napel-
lus (Fig. 1) is also called as Wolf’s bane, Monk’s blood, 
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Monkshood, blue rocket and Friar’s cap. Its active ingredi-
ents are aconitine, benzoylaconitine, mesaconitine, isoaco-
nitine, benzaconitine, aneopelline, eoline, napelline, ipaco-
nitine and aconine (Kelly 1990; Sutan 2018). The roots of 
Aconitum are used as Ayurvedic medicine in India and its 
formulation products are included in the “Ayurvedic Phar-
macopoeia and Ayurvedic formulary of India” (Rastogi 
2011). Ethnomedically in TCM, it is used for the preven-
tion of cold, general debility and ‘Yang’ deficiency. It is 
also used as an antidote for several poisonings (Singhu-
ber et al. 2009). It is used for the management of different 
nervous disorders. Despite its toxicity, traditionally it has 
been used for the healing of facial palsy, joint pain, inflam-
mation, gout, fever and pericarditis (Chang and Whitaker 
2001). It is also used in folklore medicine for sciatica and 
rheumatism (Venkataraghavan and Sundaresan 1981). The 
roots are thermogenic, narcotic, anodyne, anti-inflammatory, 
diaphoretic, diuretic, expectorant, nerve tonic, stomachic, 
emmenagogue, antioxidant, anticholinesterase, aphrodisiac 
and sedative (Nadkarni 1976; Prajapati and Kumar 2003; 
Singh et al. 2012; Ahmad et al. 2017).

It has been reported that the unprocessed root of aconite 
produces fatal toxicities (Bisset 1981; Chan 2011, 2012). 
Different herbal medicines are subjected to the specific treat-
ments before their utilization as materia medica in India and 
China. The processing techniques in Ayurveda (also known 
as Samskaras) include two different stages, i.e., the “Shod-
hana (purification or detoxification) and Bhaishajya kalpana 
(formulation methods)”. The Shodhana is carried out by the 
treatment of the drug with the urine and milk of the cow 
(Dhamanakar 1964; Mishra 2004; Sharma 2005; Shah et al. 
2010; Belge and Belge 2012; Jaiswal et al. 2013).

In the ancient TCM, different techniques for the puri-
fication of aconite roots are available which include the 
processing of drug with mineral salt, water and decoction 
with water. Though Aconitum napellus is being used in the 
treatment of many ailments, no scientific evidence is being 

reported in the literature for the identification of the genuine 
sample. Therefore, the present work attempts to report nec-
essary pharmacognostical and standardization parameters 
of Aconitum napellus tubers, which will help to identify the 
drug and to find out its beneficial role for the treatment of 
diabetes and its complications. The results obtained in this 
work would be useful in standardization, phytochemical 
screening and pharmacological evaluation of plant materials.

Materials and methods

Chemicals and plant material

Chloroform and other chemical used were of analytical 
grade which were procured from “Sigma Aldrich (St. Louis, 
MO, USA). The dried tubers of Aconitum napellus were 
obtained from the authenticated licensed shop from “Sri-
nagar (Jammu and Kashmir, India)”. The authenticity of 
the sample was confirmed from the text report of “National 
Botanical Research Institute (Lucknow, India; Voucher No. 
NBRI/CIF/383/2013)”.

Extraction

The dried tuber of Aconitum napellus was extracted using 
chloroform as the solvent. The reflux assembly was placed 
on a water bath for about 6 h at ˂ 50 °C. The extraction was 
performed in triplicates. Finally, the extract was filtered and 
evaporated to a constant weight with the help of a “Rotary 
Evaporator (BUCHI Rotavapor R-205, Geneva, Switzer-
land)” at < 40 °C.

Morphological characters

The morphological characters of plants are used for identi-
fication and confirmation. The description is accompanied 
by its visual appearance and photographic images (Ali 2004; 
Ansari 2008).

Extractive value

The extractive value indicates the weight of extractable con-
stituents present in the plant using various solvents, on the 
basis of increasing polarity to get the correct and depend-
able values. Usually petroleum ether and alcohol extracts are 
used for setting up the standard of herb. Fixed oil, resins and 
volatile substances are extracted into petroleum ether. The 
active constituents can be extracted into alcoholic extract. 
The extractive values are expressed in the form as described 
in Pharmacopoeia (IP 1996; Ansari 2008).

Fig. 1  Exomorphic features of dried Aconitum napellus tubers
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Cold extraction

The dried powder was macerated into different solvent on 
the basis of polarity. The drug was kept into closed flask for 
24 h and stirred frequently at different time intervals. It was 
filtered and dried using rotary evaporator to a stable weight 
(IP 1996).

Hot extraction

The powdered drug (10 g) was filled in thimble and then 
placed in soxhlet apparatus using solvents like n-hexane, 
chloroform, alcohol and water and was used for the extrac-
tion. The filtrate was dried using rotary vacuum evaporator 
and the extractive value was recorded till constant weight 
(Ansari 2008).

Successive extraction

The coarsely dried powdered material (10 g) was succes-
sively extracted in a reflux assembly with different solvents 
on the basis of increasing polarity (n-hexane, chloroform, 
methanol and water). The extracts were evaporated to arid-
ness using rota vapor till constant weight and the extractive 
values were recorded (Ansari 2008).

Ash value

Ash was produced after the drug was incinerated, and this 
ash contained organic matter for instance phosphates and 
carbonates. Heating causes thrashing of organic material 
in  CO2 form which leaves inorganic components. When 
hydrochloric acid reacts with ash produces acid-insoluble 
ash which contains silica. The acid insoluble ash thereby 
indicates the contamination with earthly material. Inorganic 
elements can be detected by means of water soluble ash (IP 
1996; Ansari 2008).

Total ash

The ground drug (2 g) was reduced to ashes in a silica cruci-
ble at < 450 °C in anticipation of free from carbon. For the 
estimation of total ash, the drug was cooled and weighed (IP 
1996; Ansari 2008).

Acid insoluble ash

Ash was stewed for 5 min in dilute HCl (25 ml and 6 N). The 
insolvable matter was collected on an ashless filter paper, 
then cleansed using hot water and finally ignited in muffle 
furnace at a temperature beneath 450 °C to a constant weight 
(IP 1996; Ansari 2008).

Water soluble ash

Ash was dissolved in distilled water and the insoluble part 
was unruffled on a filter paper (ashless) and ignited at 450 °C 
to unvarying mass. Weight of soluble part was calculated by 
subtracting insoluble part weight to that of the total ash (IP 
1996; Ansari 2008).

Foreign matter

Herbal drugs are prepared using particular fraction of the 
plant and must be devoid from others. These other matter 
may be either due to fault collection. It may be a stone, resi-
dues and other parts of plant. For the accuracy purpose the 
drug must be free from foreign particles. The calculations 
are done in percentage (IP 1996; Ansari 2008).

Fluorescent analysis

The powdered plant material was mixed with different sol-
vents and examined under UV light (254 nm and 366 nm) 
and day light (Ansari 2008).

Powdered drug reaction with different reagents

The powder drug and different reagents were treated with 
each other and the color shown by that treatment was noted 
(Ansari 2008).

Determination of pH

pH (10% solution): Drug (10 g) was accurately weighed and 
dissolved with water and then filtered. Standardized glass 
electrode was used to check the pH of filtrate (Ansari 2008).

pH (1% solution): Drug (1 g) was finally suspended in 
water to make a filtrate which is further used for the deter-
mination of pH.

Loss on drying

This parameter determines the amount of moisture as well 
as volatile components present in a particular sample. The 
pulverized drugs (10 g) were dried in hot air oven at 105 °C 
for 6 h and weighed. The process continues until two reading 
harmonized with each other (Ansari 2008).

Preliminary phytochemical screening

Powder was taken and tested for the presence of major 
chemical constituents such as sterols, tannins, flavonoids, 
proteins and amino acids, phenolics, carbohydrates, saponins 
and alkaloids (Ali et al. 2012; Kumar et al. 2019).
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Experimental animals

Male Sprague–Dawley rats (weighing 200–250 g) were pur-
chased from “Central Drug Research Institute (Lucknow, 
India)”. The animals were housed in the “Animal House 
Facility, Faculty of Pharmacy, Integral University (Lucknow, 
India)”. The animals were kept in polypropylene cages (5 
animals/cage).

Experimental method

The citrate buffer was prepared by mixing 192 mg of citric 
acid in 10 ml of distilled water to make 0.1 M citric acid 
solution and 294 mg of trisodium citrate was also added 
in 10 ml of distilled water to prepare 0.1 M solution. Then, 
4.5 ml of citric acid was assorted with 5.5 ml of trisodium 
citrate solution previously prepared. Finally the pH (4.5) 
was adjusted with citric acid. The antidiabetic activity of 
chloroform extract of Aconitum napellus was performed in 
rat models (Das et al. 2019; Naz et al. 2019). Streptozotocin 
(STZ) is frequently used drug to induce diabetes in animal 
models and hence STZ was used in the present work to 
induce diabetes in rats (Simon et al., 2018; Xu et al., 2018). 
STZ at the dose of 60 mg/kg i.p. was used to provoke the 
diabetes by freshly dissolving it in ice-cold citrate buffer 
(pH 4.5; 0.1 M). After 72 h, the blood sample was obtained 
from the tail vein of each rat and analyzed using “Alere G1 
Glucometer (Waltham, MA, USA)”. The rats showing the 
glucose level ˃ 250 mg/dl were classified as diabetic which 
were used for further studies.

The accommodation of animals was standard laboratory 
condition and fed with pellet diet of the standard. The ani-
mals were grouped into five different groups (each group 
containing five rats). Group I served as nondiabetic/normal 
control (NC) which was treated with 0.5% w/v sodium car-
boxymethyl cellulose (SCMC). Group II served as diabetic 
control (DC) and groups III, IV and V served as diabetic 
treated with ACON-I, ACON-II and glibenclamide at a dose 
of 1.25, 2.5 and 10 mg/kg b.w. p.o., respectively. The treated 
group received plant extract and glibenclamide (standard) 
once daily morning in fasting state for 28 days by gastric 
intubation.

Parameters

Dose determination The dose for the extract of Aconitum 
napellus was obtained from our previous work of acute tox-
icity studies (Shoaib et al. 2019).

Body weight At the initial and final day of the treatment, 
body weight was measured using digital balance.

Blood glucose level and HbA1c At the initial and final days 
of the treatment, blood glucose level was determined using 
tail’s vein blood by “ACCUCHEK, Roche, Germany”. The 
HbA1c was measured by the help of Biorad D10-HbA1c 
Analyzer; CAL-REMEDIES.

Histopathology The pancreas from each group was taken 
and fixed using 10% v/v formalin solution for 48 h. Subse-
quently the tissue paraffin blocking was done and 5 μm thin 
sections were cut using regular rotary microtome. The sec-
tions were then mounted on slides and stained with hema-
toxylin and eosin (H and E). The stained slides were then 
observed and analyzed for the results.

Statistical evaluation

The values of antidiabetic evaluation are expressed as 
mean ± SEM. The values of physicochemical evaluation are 
expressed as mean ± SD. The statistical analysis was per-
formed by Dunnett’s test using “GraphPad Prism software 
(version 6, GraphPad, San Diego, CA, USA)”. The statisti-
cal parameters were compared at either 1% or 5% level of 
significance.

Results

Physicochemical characterization

Aconitum napellus is a perennial herbaceous plant having 
conical-shaped, tapering root, externally brown and inter-
nally white color with intolerable smell. The extractive val-
ues of Aconitum napellus tubers using four different solvents 
including n-hexane, chloroform, methanol and water are 
summarized in Table 1. Using cold percolation method, the 
extractive values were obtained in the range of 0.72–0.91% 
w/w using different solvents. However, using hot extraction 
method, the extractive values were recorded in the range of 
1.99–2.25% w/w using different solvents. On the other hand, 
using successive extraction method, the extractive values 
were found in the range of 4.44–8.70% w/w using different 
solvents (Table 1). Overall, the maximum extractive value 

Table 1  Extractive values of Aconitum napellus tubers using different 
solvents (n = 3)

Solvents Cold percolation 
(% w/w) ± SD

Hot extraction 
(% w/w) ± SD

Successive extrac-
tion (% w/w) ± SD

n-Hexane 0.72 ± 0.01 1.99 ± 0.04 7.60 ± 0.08
Chloroform 0.91 ± 0.02 2.25 ± 0.05 8.70 ± 0.09
Methanol 0.89 ± 0.03 2.03 ± 0.04 4.44 ± 0.05
Water 0.84 ± 0.02 2.09 ± 0.03 6.91 ± 0.06
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was obtained in chloroform extract (8.70% w/w) using suc-
cessive extraction method. Therefore, chloroform extract 
of A. napellus was finally selected for antidiabetic activ-
ity in rats. The other physical constants such as total ash, 
acid insoluble ash, water soluble ash, foreign matter, loss 
on drying and pH of extract are summarized in Table 2. 
Total ash, acid insoluble and water soluble ash values val-
ues were obtained as 3.83, 4.83 and 5.16% w/w, respectively. 
Loss on drying was recorded as 0.44% w/w/. The pH of 1% 
and 10% aqueous solutions was obtained as 5.12 and 7.50, 
respectively. The results of fluorescent analysis using dif-
ferent solvents at day light and UV light (254 and 366 nm) 
are summarized in Table 3. Day light and UV light at 254 
and 366 nm presented different fluorescent with different 
solvents. The results of powder drug reaction with different 
solvent are summarized in Table 4. The different color of 
powder was recorded with different solvents.

Qualitative phytochemical screening

In the phytochemical tests, we have found that there is a 
presence of sterols, glycosides, phenol and carbohydrate. 
The findings of chemical tests are summarized in Table 5.

Body weight

Daily oral administration of Aconitum napellus extract 
for 28 consecutive days at the dose of 1.25 (ACON-I) 
and 2.5 (ACON-II) mg/kg showed significant increase 

(p < 0.01) in body weight when compared to diabetic rats 
(Table 6). The body weight of ACON-I and ACON-II was 
recorded as 190.40 and 209.40 g, respectively, compared 
with 163.00 g in diabetic rats at day 28. However, the 
body weight of ACON-I and ACON-II was decreased 
significantly (p < 0.01) when compared with normal con-
trol group. The body weight of normal control group was 
recorded as 247.40 g at day 28. Glibenclamide at 10 mg/
kg b.w., p.o. produced significant (p < 0.05) change in the 
weight gain of rats compared to their respective control 
(Table 6).

Blood glucose and HbA1c level

The animals of treated group (DC and ACON-I) showed 
significant increase (p < 0.01) in blood glucose and HbA1c 
levels when compared with NC group animals (Table 7). 
The blood glucose levels of DC and ACON-I group were 
recorded as 277.800 and 152.400 mg/dl, respectively, com-
pared with 83.600 mg/dl in NC group. However, the HbA1c 
levels of DC and ACON-I group were recorded as 11.306 
and 6.936% Hb, respectively, compared with 4.539% Hb in 
NC group. The standard control did not show any signifi-
cance (p > 0.05) when compared with NC group while the 
ACON-II group showed less significance (p < 0.05) com-
pared to NC group. The entire treated group showed sig-
nificant decrease in blood glucose and HbA1c level when 
compared with group II, i.e., diabetic group (Table 7).

Table 2  Physicochemical parameters of Aconitum napellus tubers 
(n = 3)

Parameters Values ± SD

Total ash 3.83 ± 0.03 (% w/w)
Acid insoluble ash 4.83 ± 0.05 (% w/w)
Water soluble ash 5.16 ± 0.06 (% w/w)
Foreign matter 0.20 ± 0.00 (% w/w)
Loss on drying 0.44 ± 0.01 (% w/w)
pH of 1% aqueous solution 5.12 ± 0.07
pH of 10% aqueous solution 7.50 ± 0.08

Table 3  Florescent analysis of 
Aconitum napellus 

Solvent used Day light UV light (254 nm) UV light (366 nm)

Benzene Greenish Brown Greenish black Yellowish brown
Dist. water Yellowish Brown Green Yellowish green
NaOH in water Brownish yellow Greenish yellow Light yellow
NaOH in methanol Blackish brown Yellowish green Blackish green
Chloroform Pale yellow Greenish black Yellowish brown
Dil.HNO3 Brownish green Dark green Yellowish brown
Acetone Brownish yellow Yellowish green Yellow

Table 4  Powdered drug reaction with different reagents of Aconitum 
napellus 

Treatment Observation

Powder as such Yellowish brown
Conc. HCl Yellow
Conc.  HNO3 Brownish Yellow
Conc.  H2SO4 Brown
Glacial acetic acid Light yellow
Benzene Brownish yellow
NaOH in methanol Yellowish brown
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Histopathological changes

The pancreas was observed after H&E staining in all groups 
of animals and results are presented in Fig. 2. The control 
group (Fig. 2a) showed a normal proportion of AC and BC. 
In diabetic group (Fig. 2b), the proportion of these two (AC: 
BC) was not uniform. A decrease and disarranged islets cells 
were observed. The treatment of ACON I, II and glibencla-
mide (Fig. 2c–e, respectively) improved the proportion of 
AC and BC along with it changes the volume of islets cells 
as compared to control group.

Discussion

Herbal medicines are prepared using different plant sources 
either in its original form or by after processing it with dif-
ferent constituents. In the traditional Indian system of medi-
cine, there are number of herbal remedies having medicinal 
values but are not emerged in worldwide market due to lack 
of validated quality control procedures (Vadivel et al. 2018). 
This is done to compare the various factors at a glance 
(Rajakrishnan et al. 2016). The percentage of organic con-
stituents can be determined by water soluble ash value and 
the acid insoluble ash, mainly gives the percentages of sand 
and impurities that remain insoluble in dil. HCl (Sreelek-
shmi 2014). There are a lot of chemical constituents present 
in tubers of Aconitum napellus in which alkaloid, terpenoid 
and flavonoids were reported (Srivastava et al. 2010). The 
presence of diterpenoid and steroidal alkaloids contents has 
also been reported (Shyaula 2011). The same was observed 
when we carried out different chemical tests using powder of 
Aconitum napellus tubers along with the presence of sterols, 
glycosides, phenol and carbohydrate (Table 5). The phenolic 
compounds have been reported to have strong antioxidant 
efficacies which play a significant role in managing various 
chronic disorders such as diabetes mellitus (Adefegha and 
Oboh 2013). Aconitum napellus is a poisonous plant which 
can be used after the detoxification or purification process. 

Table 5  Preliminary phytochemical screening of Aconitum napellus 
extract

S.no Tests Extracts

1 Test for sterols
 Salkowaski test +
 Libermann-Buchard’s test +

2 Tannins test
 Gelatin solution −
 Catechin −

3 Flavonoids
 Shinoda test +

4 Test for protein and amino acid
 Ninhydrin test −
 Biuret test −
 Xanthoprotic test −

5 Glycosides test
 Killer killani +
 Bontrager’s test +
 Legal test +
 Baljet test +

6 Phenolic test
 Ferric chloride +
 Lead acetate +
 Gelatin +

7 Carbohydrate test
 Fehling test +
 Molish test +
 Benedict test +

8 Saponin test
 Foam test +

9 Alkaloids Test
 Dragandroff +
 Hagers +
 Wagners +
 Mayers +

Table 6  Effect of chloroform extract of Aconitum napellus on body 
weight in diabetic rats (n = 5)

All the values were expressed as mean ± SEM; where *denotes 
p < 0.05, **denotes p < 0.01 compared to NC, #denotes p < 0.05 and 
##denotes p < 0.01 compared to DC

Group(s) Body weight at day 0 
(g) ± SEM

Body weight at day 
28 (g) ± SEM

NC 222.60 ± 8.553 247.40 ± 7.954
DC 224.40 ± 8.334 163.00 ± 10.469**
ACON-I 229.80 ± 5.122 192.40 ± 3.970**,#

ACON-II 225.20 ± 8.089 209.40 ± 8.171**,##

Glibenclamide 234.80 ± 3.611 215.40 ± 5.845*,##

Table 7  Effect of chloroform extract of Aconitum napellus on blood 
glucose level and HbA1C in diabetic rats (n = 5)

All the values were expressed as mean ± SEM; where *denotes 
p < 0.05, **denotes p < 0.01 compared to NC, #denotes p < 0.05, 
##denotes p < 0.01 and ns p > 0.05 compared to NC and DC

Group(s) Plasma glucose (mg/
dl) ± SEM

HbA1C (% Hb) ± SEM

NC 83.600 ± 2.502 4.539 ± 0.087
DC 277.800 ± 11.065** 11.306 ± 0.3855**
ACON-I 152.400 ± 16.070**,# 6.936 ± 0.559**,##

ACON-II 127.800 ± 4.465*,# 6.079 ± 0.155*,##

Glibenclamide 115.200 ± 5.704 ns,# 5.641 ± 0.198ns,##
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It is a great source of phenol and antioxidants. One of our 
studies which were on the toxicity and its pharmacokinetics 
of dried Aconitum napellus tubers showed that at particular 
dose, this plant did not produce any sign of toxicity (Shoaib 
et al. 2019). Further investigation was carried out to access 
the antidiabetic activity of the dried tuber extract on serum 
insulin level in STZ-induced diabetic animal.

Conclusions

From the results of this study, it can be concluded that the 
present study on Aconitum napellus tubers can serve as an 
important source of information to ascertain the identity 
and to determine the quality and purity of plant material 
available in the market. This article is a step to characterize 
the drug chemically and the presence of various chemical 
constituents in the plant Aconitum napellus which may be a 
potential cause of treatment of various disorders. The qual-
ity of the plant can be estimated by determining the physical 
parameters which could be used effectively for the identifica-
tion of the drug. These investigations are of great importance 
for carrying out the revalidation and estimation of its other 
pharmacological activities.
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