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QUANTITATION OF LEUPROLIDE ACETATE 
BY HIGH PERFORMANCE LIQUID 

CHROMATOGRAPHY

Jagdish Singh,* Sumeet K. Rastogi, Som Nath Singh, Jasmeet S. Bhatia 

Department of Pharmaceutical Sciences
College of Pharmacy

North Dakota State University
Fargo, ND 58105 USA

ABSTRACT

An isocratic technique was developed for the analysis of
leuprolide acetate by high performance liquid chromatography
(HPLC) using 220 nm UV detection, C18 MICROSORB-MVTM

column (4.6 mm × 15 cm), mobile phase (0.03 M, 77% dibasic
ammonium phosphate buffer: 23% acetonitrile), and 2.0 mL/min
flow rate.  

The coefficient of variation (C.V.) for precision and propor-
tionality assays was lower than 2% for all concentrations studied.
The detection limit and tailing factor for leuprolide acetate were
100 ng/mL (signal-to-noise ratio of 3:1) and 1.16-1.26, respec-
tively.

INTRODUCTION

Leuprolide (pGlu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt) is a potent
luteinizing hormone-releasing hormone (LHRH) agonist that stimulates the
secretion of luteinizing hormone (LH) and follicle stimulating hormone (FSH),
by the anterior pituitary.1 LHRH is a decapeptide that is synthesized in the cell
bodies of the hypothalamic neurons, which in turn releases the LHRH into the
hypophysioportal circulation.2 
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LHRH is responsible for regulating the synthesis of LH and FSH, and
causing selective stimulation of the gonadotropic cells to release the
gonadotropins.3 The gonadotropins LH and FSH stimulate the gonadal produc-
tion of androgens and gametogenesis, respectively.  

Leuprolide acetate can be used to treat many diseases including prostate
cancer, endometriosis, precocious puberty, and metastatic breast cancer.4

Several HPLC methods are now available for the analysis of leuprolide
acetate.5,6   Each method has its own advantages and disadvantages.  Isocratic
techniques show better accuracy as compared to gradient techniques, where
change in the solvent compositions occur during chromatographic run, leading
to complexities and baseline drift. 

In this study, we developed a simple and fast separation method for the
quantitation of leuprolide acetate that would be used in the stability testing of
leuprolide acetate in various pharmaceutical dosage and delivery systems.

EXPERIMENTAL

Materials

Leuprolide acetate was a gift from TAP pharmaceuticals Inc. (Deerfield,
IL).  HPLC-grade acetonitrile was obtained from Fisher (Los Angeles, Tustin,
CA).  C18 MICROSORB-MVTM column (silica 5 µm 100 Â, 4.6 mm × 25 cm)
was from Rainin Instrument Company, Inc. (Mack Road, Woburn, MA). ZOR-
BAX C8 (4.6 mm × 15 cm) column was obtained from DUPONT Company
(Analytical Instruments Division, Wilmington, DE).  

All solutions and buffers were prepared with distilled deionized water.

Method

Hewlett Packard series 1050 liquid chromatograph (Hewlett Packard,
Germany) was used.  The above HPLC system consisted of a Pump (HP 1050),
an injector (HP 1050), a variable-wavelength UV detector (HP 1050), and a
computing integrator (HP 3396 A series).  

Leuprolide acetate and its degradation products were eluted from the col-
umn and detected at 220 nm.  The mobile phase consisted of dibasic ammonium
phosphate buffer (0.03 M, pH 6.4): acetonitrile (77:23 v/v).  The buffer was pre-
pared by adding 3.08 gm of dibasic ammonium phosphate to 770 mL of dis-
tilled water.  The injection volume was 80 µL and the flow rate was 2.0 mL/min.
Leuprolide acetate stock solutions was 0.5 mg/mL.  
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Test solutions were prepared by adding 120 µL of stock solution to vials
containing 1.88 mL of 0.03 M phosphate buffers with different pH (3.19-7.95).
The reaction vials were placed into a constant temperature oven at 90 ± 0.1°C.
Samples were removed from the oven at regular intervals and the concentration
of leuprolide acetate was assayed by HPLC.

Standard curves were constructed from five concentrations of standards
(5-30 µg/mL) to determine the inter-day and intra-day variation of the method.
Intra-day determinations were carried out at five different times of the day.  Five
standard samples were injected each time after a regular interval of 200 min.
Five values (peak height) for each sample and five groups of data for five stan-
dard samples were calculated after 16.7 hours.  The slope and r2 for each group
of data were also calculated.  Means and coefficients of variation (C.V.) were
calculated from these values.  

Inter-day tests were carried out at the same time of each day.  The calcula-
tion method was the same as that of the intra-day test.  The peak asymmetry fac-
tor was calculated by T=W0.05/2f (W0.05 is the width of the peak at 5% height; and
f is the distance from the peak maximum to the leading edge of the peak, the
distance being measured at a point 5% of the peak height from the baseline).

Semilog graphs of the residual amounts of leuprolide acetate in phosphate
buffers of various pH (3.19-7.95) versus time were plotted.  The degradation
rate constant (k) was obtained from the slope of the semilog plot of concentra-
tion versus time profile by statistical regression analysis.

RESULTS AND DISCUSSION

Optimization of the HPLC Conditions

The effects of mobile phase composition, columns, flow rates, and tem-
perature were investigated.  Acetonitrile or methanol, combined with dibasic
ammonium phosphate buffer (0.03 M, pH 6.4), were used as mobile phase.  In
order to optimize the HPLC conditions for the separation of leuprolide acetate
and its degradation products, two different columns were selected to optimize
the resolution.  

We began with the mobile phase composition of 50% acetonitrile and 50%
dibasic ammonium phosphate buffer and changed the K´ value of leuprolide
acetate in ZORBAX C8 column by changing the flow rate and the amount of
acetonitrile in the elution liquid.  The main peak of leuprolide acetate was not
separated from its degradation products.  Also, replacement of acetonitrile with
methanol and restricting the K´ value within 20 did not produce satisfactory
operation.  The same result occurred when the column temperature was raised
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to 60°C.  Consequently, we changed to C18 MICROSORB-MVTM column
(4.6mm × 25 cm) and kept the other parameters constant.  

We found that C18 MICROSORB-MVTM column had high resolution, which
could separate leuprolide acetate from its degradation products completely.  The
separation time obtained was within 40 min.  The resolution time increased
when the flow rate was decreased, but the resolution factor [Rs=1.18 (t2-t1)/1W1/2

+ 2W1/2)] did not change much and the separation time increased (t1 and t2: reten-
tion time of the two adjacent peaks, 1W1/2 and 2W1/2: peak width at half height of
the peak).  

Thus, we determined the HPLC conditions as follows: mobile phase (77%
dibasic ammonium phosphate buffer: 23% acetonitrile), C18 MICROSORB-
MVTM column (4.6 mm × 25 cm), flow rate 2 mL/min, injection volume 80 µL,
and UV detection wavelength 220 nm.  The standard HPLC chromatogram and
calibration curve of leuprolide acetate are given in Figures 1 and 2, respectively.

Linearity, Detection, and Reproducibility

The linearity assay consisted of the determinations of the same concentra-
tions of leuprolide acetate as the calibration curve (5-30 µg/mL) and each con-
centration was analyzed five times.  The area was linearly related to the con-
centration for leuprolide acetate.  The equation for the straight line was a =
336.624b – 38.189 (r2 =0.9999).  The detection limit for leuprolide acetate in
this method, at a signal to noise ratio of 3:1, was found to be 100 ng/mL.  The
peak asymmetry factors for leuprolide acetate was in the range of 1.16-1.26.  

The reproducibility of this method can be expressed as both the intra-day
variability and inter-day variability.  The intra-day system precision (%C.V.) for
leuprolide acetate in the concentration range of 5-30 µg/mL was 0.23-1.96
(Table 1), and the intra-day method precision (%C.V.) was 0.612 (Table 1).  

The inter-day system precision (%C.V.) for leuprolide acetate in the same
concentration range was 0.17-1.55 (Table 2), and the inter-day method preci-
sion (%C.V) was 0.26 (Table 2).

Effect of pH on the Stability of Leuprolide Acetate

We also determined the separation capability of leuprolide acetate and its
degradation products at different pH values (pH 3.19 – 7.9), using the above
optimum conditions.  As shown in Figure 3, leuprolide acetate was mostly sta-
ble between pH of 3.19 and 5.08 and only one degradation product was
observed. However, leuprolide acetate degraded faster between pH 5.08-7.95,
and the number of degradation products observed were increased (Figure 3). 

3026 SINGH ET AL.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
4
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



Figure 2. Standard calibration curve of leuprolide acetate in concentration range of 5-30
µg/mL. 

Figure 1. Standard HPLC chromatogram of leuprolide acetate in phosphate buffer (pH
3.95).  * is the leuprolide acetate peak (analyzed by C18 MICROSORB-MVTM column).D
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Figure 4 shows a semilogarithmic plot of the residual amounts of leupro-
lide acetate versus time in phosphate buffers of varying pH at 90°C.  It was
found that the degradation of leuprolide acetate was pH dependent and followed
apparent first order kinetics.  The observed degradation rate constants (k) were
obtained from the slopes of the semilog plots of concentration versus time by
statistical regression analysis.  

Figure 5 indicates that leuprolide acetate was most stable at pH 3.95, and
the pH rate profile followed U-shaped curve.  We found out that leuprolide
acetate could be separated from its degradation products in each value studied.
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Figure 4. First order plot of the degradation of leuprolide acetate in phosphate buffer at
different pH stored at 90°C.

Figure 5. pH-rate profile for the degradation of leuprolide acetate at 90°C .
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In this study, we have not characterized the degradation products. However, the
leuprolide structure (pGlu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHEt) reveals
that several reaction mechanisms might occur, such as hydrolysis (HN-CO
bond), oxidation, and photooxidation (His, Trp, and Tyr), and β-elimination
(Ser).  Therefore, the corresponding degradation products will be produced.

CONCLUSIONS

An HPLC method for quantification of leuprolide acetate was developed.
The method was validated and the %C.V. obtained was below the maximum
permitted values.  

This method can be used to study the stability, and for the quantification,
of leuprolide acetate in pharmaceutical dosage and delivery systems. 
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