
A sensitive and reproducible reversed-phase high-performance
liquid chromatography (HPLC) method using photodiode 
array detection is established for the simultaneous quantitation 
of important root alkaloids of Rauvolfia serpentina, namely,
reserpine, ajmaline, and ajmalicine. A Chromolith Performance 
RP-18e column (100 × 4.6-mm i.d.) and a binary gradient 
mobile phase composed of 0.01M (pH 3.5) phosphate buffer
(NaH2PO4) containing 0.5% glacial acetic acid and acetonitrile 
are used. Analysis is run at a flow rate of 1.0 mL/min with 
the detector operated at a wavelength of 254 nm. The 
calibration curves are linear over a concentration range of 
1–20 µg/mL (r = 1.000) for all the alkaloids. The various 
other aspects of analysis (i.e., peak purity, similarity, recovery, 
and repeatability) are also validated. For the three components, 
the recoveries are found to be 98.27%, 97.03%, and 98.38%,
respectively. The limits of detection are 6, 4, and 8 µg/mL for
ajmaline, ajmalicine, and reserpine, respectively, and the 
limits of quantitation are 19, 12, and 23 µg/mL for ajmaline,
ajmalicine, and reserpine, respectively. The developed 
method is simple, reproducible, and easy to operate. It is 
useful for the evaluation of R. serpentina.

Introduction

Rauvolfia (Rauwolfia serpentina (L.) Benth. ex kurz; family:
Apocynaceae) is a small woody perennial from India and the 
East Indies. Reserpine, the major alkaloid of the root, was 
the first major tranquilizer to be used, especially for the treat-
ment of paranoia and schizophrenia. It was also used as a 
substance that lowers blood pressure and controls hypertension.
Interestingly, its roots were long used in India for treating
mental illness and snakebite, known to medicine men and 
peasants as the “Insanity herb” or “snakeroot”. The alkaloid 

is effective against snakebites and scorpion stings. This 
drug rapidly replaced electric shock and labotomy as a treatment
for certain types of mental illnesses. Moreover, knowledge 
about the chemistry of this natural plant stimulated the 
synthesis of other similar alkaloids that are now used as major
tranquilizers. The other major alkaloid, ajmaline, possesses 
antihypertensive and antiarrhythmic activity, whereas
ajmalicine is useful in circulatory disorders (1–3). Few thin-
layer chromatography (TLC) (4–7) and high-performance liquid
chromatography (HPLC) (7–9) methods are reported; however,
both the TLC and isocratic HPLC methods reported suffer 
from the drawback of poor resolution and elution of some 
impurities together with these compounds at the same retention
time. In this paper, a reversed-phase (RP)-HPLC method 
that is suitable for the separation and quantitation of the 
three important indole alkaloids: ajmaline, ajmalicine, and 
reserpine (Figure 1) from a single gradient run of a chro-
matogram using a photodiode array (PDA) detector is reported.
The present work is part of a series of our efforts towards devel-
oping liquid chromatographic (LC) procedures (10–18) for plant 
drug analysis.

557

Abstract

Quantitative Determination of Reserpine, Ajmaline, 
and Ajmalicine in Rauvolfia serpentina by Reversed-
Phase High-Performance Liquid Chromatography

A. Srivastava, A.K. Tripathi, R. Pandey, R.K. Verma, and M.M. Gupta*
Analytical Chemistry Division, Central Institute of Medicinal and Aromatic Plants, P.O.-CIMAP, Lucknow 226015, India

Reproduction (photocopying) of editorial content of this journal is prohibited without publisher’s permission.

Journal of Chromatographic Science, Vol. 44, October 2006

* Author to whom correspondence should be addressed: email guptammg@rediffmail.com.

Figure 1. Chemical structures of ajmaline, ajmalicine, and reserpine.
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Experimental

Plant material
R. serpentina roots were collected from the experimental

fields of the Central Institute of Medicinal and Aromatic Plants
(Lucknow, India), and a voucher specimen of the plant material
was deposited in the Gene Bank of this Institute.

Standards and chemicals
The solvents used were of HPLC grade (Merck, Darmstadt,

Germany). The standards of ajmaline and ajmalicine were pur-
chased from M/S SRL (Mumbai, India), and reserpine was pro-
cured through M/S Sigma (St. Louis, MO). Sodium dihydrogen
ortho-phosphate was obtained from Glaxo (Mumbai, India), and
HCl (35% GR) was bought from Merck (Mumbai, India). Double
distilled water was used after filtering through a 0.45-µm filter
before use.

Chromatographic equipment and conditions
A Shimadzu (Kyoto, Japan) LC-8A gradient HPLC instrument

equipped with two LC-8A pumps and controlled by a CBM-10A
interface module and 7725 I manual injector valve (Rheodyne,

Cotati, CA) was used in the HPLC analysis. An SPD-M10Avp
(Shimadzu) PDA detector was used to test the peak purity and
similarity of the described alkaloids using a class LC-10 work sta-
tion. The solvents were prefiltered by a Millipore filtration unit
(Millipore, Billerica, MA). An RP-18e (100 × 4.6-mm i.d.) RP
Chromolith Performance HPLC column (Merck, Darmstadt,
Germany) was used for all the analysis. The separation was
achieved with a gradient program for pump A (acetonitrile) and
pump B (0.01M phosphate buffer containing 0.5% glacial acetic
acid; pH 3.5), as given in Table I. The flow rate was 1.0 mL/min
throughout the gradient run. Column temperature was main-
tained at 26°C.

Sample preparation
Air-dried roots of R. serpentina (0.1 g) were extracted with

methanol for 10 h (3 × 10 mL), filtered, evaporated, defatted with
hexane (3 × 5 mL), dried, and redissolved in 1 mL of acidic
methanol (methanol–HCl 98;2, v/v) for HPLC analysis. 

Calibration graphs
Stock solutions of the compounds (ajmaline, ajmalicine, and

reserpine) were prepared in methanol (1 mg/mL) separately, and
diluted concentrations were injected for the preparation of cali-
bration graphs and LC analysis. Calibration graphs were plotted
by using an area count of each peak (Y) and corresponding 
concentration (X). The regression equations are presented in
Table II.

Results and Discussion

Figure 2 illustrates the separation of ajmaline, ajmalicine, and
reserpine in a standard mixture (A) and a plant sample extract
(B). For a baseline separation of the test alkaloids, the optimized
gradient program for pump A (acetonitrile) and pump B (0.01M
phosphate buffer containing 0.5% glacial acetic acid, pH 3.5)
was: 0–9 min, 85% of B; 9–10 min, the concentration was main-
tained at 75% of B; 10–12 min, 70% B; 12–30 min, 65% B; 30–50
min, 85% B; and then the gradient was stopped. The retention
times were 6.05, 14.41, and 21.68 min for ajmaline, ajmalicine,

and reserpine, respectively. The relative standard
deviation (RSD) for the retention times were
1.89%, 0.61%, and 0.65% for ajmaline,
ajmalicine, and reserpine, respectively. The
selected wavelength, 254 nm, was close to the
absorption maxima of all three test compounds.
The column performance report for the root
extract sample is presented in Table II. As a mea-
sure of column performance, the number of the-
oretical plate counts (N) for ajmaline, ajmalicine,
and reserpine were 1720, 33580, and 79482,
respectively. Concentration of the analytes was
estimated at different intervals, and no change
was observed over 24 h.

Evaluation of peak purity
A PDA detector with an LC-10 workstation was

Table I. Gradient Program for the Separation of the Test
Indole Alkaloids From the Extract of R. serpentina Roots

Phosphate buffer 
Acetonitrile containing 0.5% glacial 

Time conc. (%) acetic acid conc. (%) Flow rate 
(min) (Pump A) (Pump B) (mL/min)

0.01 15 85 1.0
9.00 15 85 1.0
9.01 25 75 1.0

10.00 25 75 1.0
10.01 30 70 1.0
12.00 30 70 1.0
12.01 35 65 1.0
30.00 35 65 1.0
50.00 15 85 1.0

Table II. The Performance of the RP-18e Chromolith Column for the
Separation of the Test Alkaloids From the Extract of R. serpentina Roots

No. of Linear regression 
Indole tR* theoretical Retention Recovery Separation equation

alkaloids (min) plates (N) factor (k) (%) factor [Y = AX ± C]

Ajmaline 6.05 1720 3.01 98.27 1.17 Y = 277.52X + 8.6
(r† = 1.0000)

Ajmalicine 14.41 33580 8.54 97.03 1.02 Y = 553.10X + 29.4 
(r† = 1.0000)

Reserpine 21.68 79482 13.36 98.38 1.02 Y = 166.66X+ 11.2 
(r† = 1.0000)

* tR = Retention time.
† r = correlation coefficient 



used for the peak purity and similarity tests of the three alkaloids.
All peaks were found to be pure: both the upwards and down-
wards slopes of the peaks (Table III). A similarity test of ajmaline,
ajmalicine, and reserpine in a sample extract was performed by
comparing the similarity of peaks in a sample run to that of
library records maintained for the test alkaloids. The similarity of
all the compounds was > 0.999 (Table III). 

Linearity
To determine the linearity, five different concentrations of

each alkaloid were used in a working range of 1–20 µg. Linear
regression equations and correlation coefficient (r) values for the

test compounds are presented in Table II. The plots of peak area
versus concentration were linear with r values of 1.0000. The cal-
ibration plots showed good linearity in the examined concentra-
tion range.

Limits of detection and quantitation
The limits of detection (LOD) and quantitation (LOQ) values

were calculated for the test compounds based on three and 10
times of the noise levels, respectively. The LODs were found to be
6, 4, and 8 µg/mL, whereas the LOQs were found to be 19, 12, and
23 µg/mL for ajmaline, ajmalicine, and reserpine, respectively.

Precision
The precision of the method was measured by repeating each

experiment three times. The relative standard deviation values
were 2.77%, 2.51%, and 2.38% for ajmaline, ajmalicine, and
reserpine, respectively.

Recovery
For the examination of recoveries of ajmaline, ajmalicine, and

reserpine, known amounts of stock solutions of authentic test
alkaloids were added to the R. serpentina root extract, and the
quantitation was repeated three times. Recoveries for ajmaline,
ajmalicine, and reserpine were 98.27%, 97.03%, and 98.38%
with RSDs of 2.14%, 2.05%, and 1.20%, respectively.

Robustness
In order to evaluate the robustness of the method, the influ-

ence of small and deliberate variations of analytical parameters
on the retention times of the test compounds was studied. The
parameters selected were mobile phase composition, flow rate,
and temperature. A variation of ± 1% change in the pump B con-
centration was made to study the effect of slight changes in
mobile phase composition. The effect of variations in flow rate
and temperature were studied by making changes in the range of
± 0.1% and ± 2°C, respectively. Only one parameter was altered
at a time, and the others were kept constant. The RSDs of the
retention times and peak area counts were calculated for each
parameter, and the RSD was found to be less than 2%. The low
RSD values indicated that the method was robust. The results are
recorded in Table IV. 

Conclusion

In the reported method, the important alka-
loids (i.e., ajmaline, ajmalicine, and reserpine) in
the root extracts of R. serpentina can be success-
fully separated, identified, and quantitated by RP-
HPLC with the gradient elution mode using a
PDA detector. The method, which provides base-
line separation of the test alkaloids, is simple,
rapid, and precise. The procedure reported here
could be used for the rapid screening of the R.
serpentina plant for genotypic quality assess-
ment, drug analysis, etc.
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Table III. Peak Purity Test Results of the Test Alkaloids
Using PDA Detector

Peak Purity

Alkaloids Up Down Similarity

Ajmaline 0.9998 0.9989 0.9998
Ajmalicine 0.9995 0.9999 0.9998
Reserpine 0.9998 0.9999 0.9997

Table IV. Robustness Testing for the Alkaloids (n = 3)

RSD % of peak area counts RSD % of tR*

Parameter Ajmaline Ajmalicine Reserpine Ajmaline Ajmalicine Reserpine

Mobile phase 1.25 1.51 1.92 0.83 0.39 0.37
concentration
Flow rate 0.36 0.94 0.78 0.28 0.10 0.17
Temperature 0.45 0.82 0.90 0.25 0.17 0.12

* tR = Retention time (min)

Figure 2. RPLC separation of an artificial mixture of pure ajmaline, ajmalicine,
and reserpine, 1 mg/mL each (A) and R. serpentina root extract (B). 
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