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to that of metformin. Therefore, this medicinal plant is 
considered to be effective and alternative treatment for 
diabetes with cardiovascular disease.
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Desmopressin (1‑deamino‑8‑D‑arginine vasopressin; 
[DDAVP]) is a synthetic nine‑amino acid cyclic 
peptide analogue of vasopressin[1,2]. It is useful for 
treating bleeding disorders, such as mild forms 
of haemophilia A, von Willebrand’s disease, 
polyuria related to central diabetes insipidus and 
nocturnal enuresis especially in young children[3,4]. 
Currently, DDAVP is administered orally in tablet 
formulation (Minirin, Ferring Pharmaceuticals), but its 
bioavailability is lower than 1%[5]. Several techniques 
including viscous formulation[6], metered‑dose 
nasal spray instead of nose drops[7], lipophilic 
pro‑drug formulation[8] as well as bio‑adhesive[9], 
liposome[10] and transdermal delivery systems[11] 
have been employed to enhance desmopressin 
nasal absorption. Recently, nanoparticulate delivery 
systems were proposed to have the potential to 
improve drug stability, to increase the duration of the 
therapeutic effect and to allow administration through 
nonparenteral routes[12]. In 2010, Taghizadeh and 
Safaei have been active in design and development 
of chitosan nanoparticles for an oral drug delivery 
system to increase the efficiency and bioavailability 
of oral drugs[13].

Also, many analytical techniques including 
high‑performance liquid chromatography (HPLC)[14,15], 
liquid chromatography/mass spectrometry[16,17] and 
capillary electrophoresis[18] have been used for 
assaying desmopressin in drug delivery systems. 
Among these methods, the chromatographic 
procedure has been repeatedly cited in the United 
States pharmacopeia (USP) and British Pharmacopeia 
as an officially validated method using DDAVP 
chronic rhinosinusitis (CRS). However, most of 
these methods result in long retention times and  

use buffers with high concentration salt as mobile 
phase.

In this study, a simple, fast, accurate and precise 
reversed‑phase HPLC (RP‑HPLC) method for 
DDAVP assay in chitosan nanoparticles in the 
release media (i.e., phosphate buffer with pH=7.4 
and ionic strength=0.03) was evaluated. Evaluation 
of sensitivity, precision and accuracy of the method 
yielded best results. Furthermore, this method was 
very friendly with the type of release media and was 
tested in an in vitro environment.

Desmopressin (DDAVP) was purchased from 
Macfarlan Smith (Edinburgh, UK). HPLC‑grade 
acetonitrile, potassium hydrogen phosphate and 
trifluoroacetic acid (TFA) obtained from Romil 
chemicals (Loughborough, UK). Acetic acid, paraffin 
and span 80 were obtained from Merck Company 
(Darmstadt, Germany) and glutaraldehyde from Aldrich 
Chemical Company (USA). Chitosan (M: 780,000 DD: 
61.5) was obtained from Fluka Company (Switzerland) 
and modified as a required DD: 75 (3). HPLC‑grade 
water was produced locally using a Milli‑Q system 
from Millipore (Billerica, MA, USA).

Briefly, in order to prepare the chitosan nanoparticle 
drug delivery system, the aqueous phase containing 
0.045 g chitosan and 0.5 mg DDAVP dissolved 
into 4.5 ml acetic acid 1% v/v dropped into 
water‑oil (w/o) emulsion. The oil phase contained 
29.6 ml paraffin and 0.4 ml span 80 with 0.08 ml 
glutaraldehyde 25% v/v as the cross‑linker to provide 
the stability of emulsion. The mixing rate was 
modified to 2000 rpm to get smaller nanoparticles 
at the 40° temperature during the emulsification. The 

Taghizadeh, et al.: RP‑HPLC for Determination of Desmopressin

A simple isocratic reversed‑phase high performance liquid chromatographic method was developed for determination 
of released desmopressin from chitosan nanoparticles in the in vitro media. The chromatographic separation was 
achieved with acetonitrile/water (25:75, v/v), in which water contained 0.1% v/v trifluoroacetic acid with pH=2.5 
as mobile phase, a Chromolith® Performance RP‑18e column (150×4.6 mm; 5 µm) kept at 40° and ultraviolet 
detection at 220 nm. The compound was eluted isocritically at a constant flow rate of 1.6 ml/min. The method was 
validated according to the International Conference on Harmonisation guidelines. The validation characteristics 
included accuracy, precision, linearity rang, selectivity, limit of detection, limit of quantitation and robustness. The 
calibration curve was linear (r>0.9999) over the concentration rang 0.5‑100 µg/ml. The limit of detection and limit 
of quantitation in the release media were 0.05 and 0.5 µg/ml, respectively. The proposed method had an accuracy of 
and intra‑ and inter‑day precision <4.2. Furthermore, to evaluate the performance of the proposed method, it was 
used in the analysis of desmopressin level in real samples containing chitosan nanoparticles in the in vitro media.
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resulted emulsion was centrifuged at high speed and 
washed twice with petroleum ether and dried in room 
temperature. Another sample consisting of 1 g of the 
polymeric carrier formulation containing no DDAVP 
in 40 ml of the release medium was also prepared for 
spiking and as the negative control sample.

To study the in vitro drug release, the chitosan 
nanoparticles (0.006 g) were put into dark glasses 
with a capacity of 20 ml, containing 10 ml phosphate 
buffer (pH=7.4, ionic strength=0.03). The glasses 
were shaken horizontally and constantly at the 
temperature of 37° by controlled shaker at 100 rpm. 
At specified time intervals up to 48 h, samples (3 ml) 
were withdrawn and replaced with fresh medium. 
The resulting solution was filtered using 0.45 µm 
polytetrafluoroethylene filter into standard analytical 
glass vials and injected in to the HPLC. Three such 
samples were prepared (0.006 g) according the USP 
criteria and injected triplicate.

Analysis of standards and real samples were 
performed on a Younglin SP930D low pressure 
gradient pump, ultraviolet (UV 730D) dual 
wavelength UV detector, CTS30 column oven 
controlled by Autochro™ 2000 software (Kyungki‑do, 
Korea), a Rheodyne 7725i (PerkinElmer, USA) 
injector, along with a 20 µl sample loop. Chromolith® 
Performance RP‑18e column (150×4.6 mm; 5 µm) 
was employed for all separations. The mobile 
phase was a mixture of 0.1% TFA (pH=2.5) in 
water and acetonitrile (75/25) at a flow rate of 
1.6 ml/min in isocratic elution mode. The injection 
volume was 20 µl for all samples. The detection was 
performed at the wavelength of 220 nm. Refrigerated 
centrifuge model 2‑16 KC (Sigma, Germany) was 
employed for phase separation.

A standard stock solution of DDAVP (1000 µg/ml) 
was prepared in phosphate buffer (pH=7.4). 
Calibration standards at seven levels by further 
diluted stock standard solution in the concentration 
rang of 0.5‑100 µg/ml. Similarly, quality control (QC) 
standard solutions were prepared daily by diluting the 
stock standard solution for the final QC concentration 
of 5, 50 and 100 µg/ml. All of these solutions 
were stored in a fridge (4°) and brought to ambient 
temperature just prior to use. Samples in triplicates 
were made for each concentration and peak areas 
were plotted against the corresponding concentration 
to obtain the calibration graphs.

The HPLC method was evaluated according to the 
International Conference on Harmonisation (ICH) 
guideline[19]. The following validation characteristics 
were addressed: linearity, accuracy, precision and 
specificity, limit of detection (LOD) and limit 
of quantification (LOQ) and robustness. System 
suitability standard solution, which contained 100 µg/
ml DDAVP. System suitability was determined from 
six replicate injections of the system suitability 
standard before sample analysis. The acceptance 
criteria for DDAVP were  <2% relative standard 
deviation (RSD) and a signal‑to‑noise ratio of at least 
ten for the corresponding peak area.

Standard calibration curve was prepared with 
seven calibrators over a concentration rang of 
0.5‑100 µg/ml for DDAVP. The data of peak area 
versus concentration was treated by linear least square 
regression analysis. The standard curve was evaluated 
for intra‑day and inter‑day linearity. To study the 
reliability and suitability of the developed method, 
recovery experiments were carried out. Placebo 
samples were spiked with different amount of DDAVP 
at 50, 100 and 150% in duplicate for each one (n=6) 
over the theoretical values. Measured values were 
compared with the theoretical concentration. The 
percentage RSD of individual measurements was 
also determined and <5% was set as the limit for 
acceptance.

The precision of the developed method was assessed 
in terms of repeatability and intermediate precision 
by analysing three replicate QC standard samples at 
50, 100 and 150% levels that cover the calibration 
rang for DDAVP. The % RSD values of the results 
corresponding to the peak area and retention time 
were expressed for intra‑day precision and on 3 days 
for intermediate (inter‑day) precision. The LOD and 
LOQ for the procedure were performed on samples 
containing very low concentration of analytes under 
the ICH guidelines. By applying the visual evaluation 
method, LOD was expressed by establishing the 
minimum level at which the analyte can be reliably 
detected. LOQ was considered as the lowest 
concentration of the analytes in standards that can be 
reproducibly measured with acceptable accuracy and 
precision (RSD<2%). The robustness of the method 
was evaluated by analysing the system suitability 
standards and evaluating system suitability parameter 
data after varying, individually, the HPLC pump 
flow rate (±10%), organic solvent content (±6%) and 
column compartment temperature (±14%).
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TABLE 1: METHOD VALIDATION RESULTS FOR THE 
STUDIED COMPOUND
Parameter (units) DDAVP
Theoretical plates 8668
Asymmetry (As) 1.1
Repeatability, tR (% RSD) 1.07
Repeatability, A (% RSD) 0.6
Precision (% RSD) 3.1
Accuracy (% RSD) 4.1
Accuracy (% recovery) 102.8
Selectivity No interference
LOD (µg/ml) 0.05
LOQ (µg/ml) 0.5
RSD=relative standard deviation, DDAVP=1‑deamino‑8‑D‑arginine vasopressin,
LOD=limit of detection, LOQ=limit of quantification

TABLE 2: LINEARITY PARAMETERS FOR THE 
ESTIMATION OF DDAVP
Parameters (units) DDAVP
Linearity rang (µg/ml) 0.5‑100
Slope 9.74582±0.26
Intercept 0.91304±1.52
Correlation coefficient (r) 0.9999±0.0002
Residual sum of squares 0.00033

DDAVP=1‑deamino‑8‑D‑arginine vasopressin, values are reported as mean±SD 
of tree calibration curves generated on three consecutive days (n=3), seven 
concentrations in the linearity rang were evenly distributed

First, HPLC method was investigated for DDAVP 
assay in the release media. Detection wavelength 
was optimized at wavelength of 220 nm according 
to UV spectrum of the analyte in the presence of the 
release media (aqueous phosphate buffer with pH=7.4 
and ionic strength of 0.03). In order to establish 
optimized HPLC conditions for DDAVP assay in 
the real samples and DDAVP CRS, systematic 
variations of the effective parameters comprising 
mobile phase composition, such as aqueous pH, 
ionic strength, ratio of aqueous to organic mobile 
phase constituents, flow rate and column packing 
were investigated. Based on the results, the best 
chromatographic conditions considering total run 
time, retention time, solvent elution time and peak 
shape (i.e., symmetry and analytical power) were 
fixed at a flow rate of 1.6 ml/min and mobile phase 
containing of acetonitrile/water (25:75, v/v), in 
which water contained 0.1% (v/v) TFA with pH=2.5. 
Separation was carried out on the Chromolith® 
Performance RP‑18e (150×4.6 mm; particle size: 
5 µm) at 40°. As previously described, the detection 
wavelength was set at 220 nm. The optimized method 
was running in all stages of method validation, 
including laboratories experiments. Chromatograms 
obtained from the analysis of blank, standard and real 
samples are demonstrated in fig. 1.

When a method has been optimized it must be 
validated before practical use. By following the 
ICH guidelines for analytical method validation, 
Q2 (R1), the  system suitability testing (SST) was 
performed and the validation characteristics were 
addressed. The system suitability test ensures the 

validity of the analytical procedure. All critical 
parameters tested met the acceptance criteria on all 
days. According to the monograph, analyte is eluted 
by forming symmetrical single peak well‑separated 
from the solvent front (Table 1). For the construction 
of calibration curves, seven calibration standard 
solutions were prepared over the concentration rang 
of 0.5‑00 µg/ml. The results, summarised in Table 2, 
show a good correlation between analyse peak and 
concentration with r>0.9999 (n=7).

Accuracy and precision were established 
across the analytical range for DDAVP. The 
intra‑ and inter‑day accuracy and precision 
were calculated from the QC samples (Table 1). 
Repeatability (intra‑day precision) of the analytical 
method was found to be reliable based on % 
RSD (<2%) corresponding to the peak areas and 
retention times. Intermediate precision (inter‑day 
accuracy) was demonstrated on different days and 
evaluating the peak area data at three QC standards 
that cover the assay method range. The % RSD 
values were  <5% and illustrated the good precision 
for the analytical method. For determining accuracy, 
placebo solutions spiked with reference standards 
were used. The recovery was 100±5% for all 
samples with % RSD  <5%.

Fig. 1: HPLC chromatograms.
High‑performance liquid chromatography chromatogram for assay 
of  1‑deamino‑8‑D‑arginine vasopressin  (DDAVP) with  retention 
time at 1.6 min obtained by the optimized method, A: blank (release 
media: Phosphate buffer, pH=7.4), B: standard solution (50 μg/ml), 
C: release chromatogram for DDAVP from chitosan nanoparticles 
in the in vitro media.
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Specificity is the ability to assess the analyte 
unequivocally in the presence of components expected 
to be present. Typically, these components might 
include impurities, degradants and matrix. Therefore, 
only one peak was observed and specificity of the 
method was one. The LOD and LOQ values were 
found to be 0.05 and 0.5 μg/ml.

To ensure to insensitivity of the developed HPLC 
method to minor changes in the experimental 
conditions, it is important to demonstrate its 
robustness. None of the alterations caused a significant 
change in peak area RSD, USP tailing factor and 
theoretical plates (Table 3). Although the changes in 
retention times were more significant, separation was 
sufficient and quantitation was still possible.

The efficiency of the presented method was evaluated 
by determining the desmopressin concentration from 
chitosan nanoparticles in the release media (phosphate 

TABLE 3: METHOD VALIDATION DATA FOR 
ROBUSTNESS STUDY
Parameter altered Retention time, 

tR (min)
Asymmetry 

(As)
Optimised chromatographic 
conditionsa

1.46 1.1

Increased organic solvents (26:74) 1.44 1.09
Decreased organic solvents (24:76) 1.51 1.2
Increased flow rate (1.7 ml/min) 1.38 1.15
Decreased flow rate (1.4 ml/min) 1.57 1.05
Decreased‑column 
temperature (35°)

1.49 1.03

aChromatographic conditions were acetonitrile/water (25:75 v/v), in which 
water contained 0.1% (v/v) trifluoroacetic acid with pH=2.5, maintained with 
flow rate 1.6 ml/min, temperature at 40°and detection at 220 nm

Fig. 2:  In vitro release profile of DDAVP.
Release profile of  1‑deamino‑8‑D‑arginine vasopressin  (DDAVP) 
at  37°  from  the  release media  by  high‑performance  liquid 
chromatography.

buffer, pH=7.4). The results of three‑replicate analysis 
of each sample were obtained using the proposed 
method. The release curve is depicted in fig. 2.

In this study, we have evaluated a simple, sensitive, 
specific and rapid HPLC method that it is very 
friendly with the type of release media. This method 
exhibited best sensitivity, accuracy and precision for 
inter‑ and intra‑day analysis. Finally, the proposed 
method is recommended as the routine analysis 
technique for desmopressin assay in in vitro media.
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Alstonia boonei De Wild (Apocyanaceae) is a large 
ever‑green and medicinal plant used extensively 
in West and Central Africa for the treatment of 
malaria, fever, intestinal helminthes, rheumatism and 
hypertension[1‑3]. A.boonei has a history of use in 
traditional medicine in Nigeria and central Cameroon 
for malaria treatment, but also for the prevention 
of disease[4,5]. Alstonia consists of about 50 species 
widely distributed in the continents of Africa, Asia 
and America. The stem bark of A. boonei has been 
listed in the African Pharmacopoeia as an antimalarial 
drug and it is used in traditional medicine for the 
treatment of fever, painful micturition, insomnia, 
chronic diarrhoea, rheumatic pains as antivenom 
for snake bites and in the treatment of arrow 
poisoning[4‑6]. In vitro antiplasmodial activity of 
A. Boonei alkaloids against both drug sensitive and 

famotidine degradate in a package screening study by LC‑APCI MS. 
J Pharm Biomed Anal 1994;12:221‑33.

19. ICH guidelines topic Q2 (R1) validation of analytical procedures: 
Methodology, obtained. Available from: http://www.emea.europa.eu/
htms/human/ich/ichquality.htm. [last accessed on 24 February 2012]
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Chime, et al.: Alstonia Boonei Stem Bark Powder Tablets

The aim of this work was to formulate Alstonia boonei dried stem bark powder into tablets by wet granulation method 
using acacia, gelatine and sodium carboxymethyl cellulose as binders at concentrations of 1, 2, 4 and 8% w/w. The 
phytochemistry of the stem bark of Alstonia boonei was evaluated. The micromeritic properties of the granules 
prepared were studied. The tablets were evaluated using the necessary official and unofficial tests. The results of 
the phytochemical analysis showed that alkaloids, tannins, steroids, saponins, glycosides, flavonoids and terpenoids 
were present while anthroquinones and acidcompounds were absent. Micromeritic studies showed that Alstonia 
boonei granules had good flowability.  The formulated tablets complied with British Pharmacopoeial specification 
for weight uniformity, hardness (≥5 kgf) and tablet friability (<1%). For disintegration test, tablets formulated with 
gelatine and acacia at concentrations of 1, 2 and 4% w/w complied with Pharmacopoeial specification. However, 
tablets formulated with SCMC (1‑8% w/w) and 8% w/w of acacia and gelatine failed the disintegration tests 
(Disintegration time more than 15 min).

Key words: Alstonia boonei tablets, antimalarial, micromeritic, phyllotaxy, phytochemical analysis

resistant strains of Plasmodium falciparum and in vivo 
activity against Plasmodium berghei in mice have 
been reported[4,7‑10]. The antiinflammatory properties 
of the alcoholic extract of A. Boonei have also been 
reported[10].

Plants with antimalarial and antiinflammatory 
properties have been of immense ethnomedicinal 
use to mankind. In view of the popular and wide 
spread use of herbal products used in such practice, 
important technical aspects such as standardization 
and quality control will be of immense benefit in 
order to enhance their efficacy and improve patient’s 
compliance[11‑14].

Tablet dosage forms are the most popular and 
preferred drug delivery systems in terms of precision 
of unit dose, low‑cost, patient compliance and good 
physical and chemical stability and account for 
70‑80% of all pharmaceutical dosage forms[15]. 
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