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A novel RP-HPLC technique was created for the quantification of amphotericin-
B in human plasma that is straightforward, sensitive, accurate, and exact. An
extraction procedure was optimised using a full factorial design. The volume of
the deproteinating agent, centrifugation speed, centrifugation time, and
centrifugation temperature were found to have a significant impact on all results
(P<0.0001). Following deproteinisation, the medication was examined using a
UV detector on a C18 (150 x 4.6 mm, 5 um) column. Acetonitrile and phosphate
buffer (pH 3) in a 60:40 (v/v) ratio at a flow rate of 1.0 ml/min make up the mobile
phase. Linearity was determined to be 0.9998 when the standard calibration curve
was built in the concentration range of 5 pg/ml to 30 pg/ml. The internal standard
was irbesartan. Amphotericin-B and the internal standard were found to have
retention times of 5.42 and 2.89 minutes, respectively. There was no discernible
interference peak. An alternate technique for analysing amphotericin-B in plasma
samples is high performance liquid chromatography, which has been effectively
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shown to be quick and sensitive.
Keywords: RP-HPLC, Validation, amphotericin-B, Human plasma

1. Introduction

An antifungal called amphotericin B is used to treat leishmaniasis, fungal infections in
neutropenic patients, and cryptococcal meningitis in HIV-infected patients. Depending on the
fungus's susceptibility and the concentration found in bodily fluids, it can be either fungistatic
or fungicidal. [1] By attaching itself to sterols (ergosterol) in the cell membrane of vulnerable
fungi, the medication works. Because of the transmembrane channel that is created and the
resulting alteration in membrane permeability, intracellular components can leak out.
Amphotericin B and azoles work by targeting ergosterol, the main sterol in the fungal
cytoplasmic membrane. [2] A polyene called amphotericin B forms an irreversible bond with
ergosterol, which compromises the integrity of the membrane and eventually causes cell death.

However, this antifungal medication's clinical use is restricted due to adverse effects and poor
absorption, which stem from its low water solubility (<0.001 mg/mL).6. AmB's low solubility
is also the primary cause of its reported side effects, which include polyuria, hypokalaemia,
hypomagnesaemia, and renal failure. [3, 4] As a result, a lot of work has gone into making
AmB more soluble in water. [5] In order to create a micellar dispersion for encapsulating AmB
and increasing its solubility, Fungizone® (Bristol-Myers Squibb, Rueil-Malmaison, France)
was initially introduced as a colloidal dispersion in combination with sodium deoxycholate
(DOC). [6] Nevertheless, the nephrotoxicity and infusion toxicity, which could be attributed
to the dimeric form produced with DOC through a technological procedure involving pH
shifts, nevertheless commonly result in problematic side effects. Commercial products that
encapsulate AmB with hydrogenated soybean lecithin, phosphatidylcholine, and cholesterol
(polyaggregate forms) have already reached the market. [7] These include a lipid complex
(Abelcet®, Sigma-Tau, Gaithersburg, MD, USA) and a liposomal product (Ambisome®,
Astellas, Tokyo, Japan). Higher dosages of these formulations result in a decreased toxicity
incidence and good acceptance. [8, 9]

No pharmacopoeia2 recognises amphotericin-B as an official medication. According to a
literature review, methods for determining the presence of amphotericin-B in human plasma
have been reported using LC-MS/MS, UV Spectroscopy, and HPLC. [10, 11] However, these
current techniques were costly and required several extraction stages. For the extraction and
measurement of Amphotericin-B in plasma samples utilising HPLC with a UV detector, a new
bioanalytical technique that is simpler, easier, faster, and more cost-effective must be
developed and validated. Additionally, the extraction procedure must be as quick and easy as
possible. Despite being well-established, the extraction process is influenced by the protein
separation procedure, the volume of the extracting solvent, the choice of deproteinising agent,
and the ease of extraction. [12, 13] Short analysis time, sensitivity, robustness, accuracy,
precision, sharpness of the peak, and other economic factors should also be taken into account
during the estimation procedure. Appropriate extraction conditions, buffer selection, pH, UV
detector wavelength and flow rate, and stationary and mobile phases can all help attain these
criteria. For proper elution, a somewhat volatile buffer with a pH that is appropriate for the
drug's pKa value should be employed; to shorten the retention duration, the mobile phase's
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composition and flow rate should be changed. [14, 15] The current work set out to create and
verify a bioanalytical HPLC technique for the determination of amphotericin-B in human
plasma that was sensitive, straightforward, easy, quick, repeatable, accurate, and cost-
effective.

2. METHODOLOGY

Materials: Amphotericin-B was obtained as gift sample from Yarrow Chem. Pvt. Ltd,
Maharashtra, India. HPLC grade acetonitrile, methanol and orthophosphoric acid were
obtained from Merck, Mumbai, India Limited. HPLC grade water was obtained from
MOLYCHEM, Thane, India. The blank human plasma was obtained from Blood bank.

Instrumentation: The HPLC system (Cyberlab LC 100) consisting of binary gradient pump,
Microsorb-MV 100-5 C- 18 column (250 x 4.6mm, 5 um), UV detector was employed for
analysis. Chromatographic data was acquired using WS-100 Workstation software. Microsorb
MV 100-5 C-18 column (150mmx4.6 mm, 5um) was used as a stationary phase. A Millipore
glass filter (Millipore filter cellulose nitrate gridded with 0.22 p size and 47 mm diameter)
assembly attached with vacuum pump was used to filter mobile phase.

Chromatographic Conditions: The isocratic mobile phase consisting of a mixture of phosphate
buffer (pH 3.0 adjusted with ortho-phosphoric acid) and acetonitrile in the ratio of 60:40 (v/v)
was used on Microsorb MV 100-5 C-18 column (250mmx4.6 mm, 5um) as a stationary phase.
The flow rate of the mobile phase was 1.0 ml/min. Detector signal was monitored at a
wavelength of 311 nm using UV detector while keeping the 10 min run time for
chromatographic analysis. Prior to the injection of the drug solution, the column was
equilibrated for at least 30 min. The column temperature was kept ambient and injection
volume was 20 pl.

Preparation of sample: A 100 ml volumetric flask containing 10 mg of Amphotericin-B
working standard was filled with around 25 ml of diluent, and the mixture was sonicated for
20 minutes to create the Amphotericin-B standard stock solution. Using diluent, the volume
was increased to 100 ml. A Nylon 66 membrane filter with pores of 0.45um was used to filter
this mixture. [16] The stock solution was diluted with the mobile phase to create the following
dilutions. The study's internal standard (IS) was irbesartan. To create 100 pg/ml
concentrations, a precisely weighed quantity of irbesartan (10 mg) was added to a 100 ml glass
volumetric flask, and the volume was adjusted with mobile phase. Additionally, the right
amount of irbesartan was diluted to create a functioning concentration. [17] To obtain
calibration concentrations of 5, 10, 15, 20, 25, and 30 pg/ml, 10 ul aliquots of each spiking
solution were added to 490 pl of plasma. In a similar manner, quality control samples
containing 15, 20, and 25 pg/ml were made. Using a linear regression analysis, the calibration
curve was used to determine the concentrations of the quality control and sample. [18]

Extraction: To extract Amphotericin-B from human plasma, a solvent deproteinisation
method was employed. After transferring 490 pl of plasma to two millilitre micro centrifuge
tubes, 10 ul of Amphotericin-B working solution and 10 ul of IR were added. The pre-
optimized deproteinising chemical was introduced after 30 seconds of vortexing. The micro
centrifuge tubes containing the samples were centrifuged at a predetermined speed for the ideal
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temperature and duration. After that, the liquid supernatant was moved to an HPLC vial that
had been previously labelled for examination. [19]

Optimization of extraction process: The amount of deproteinising agent, centrifugation speed,
centrifugation time, and centrifugation temperature may all be significant factors in drug
extraction. Thus, DoE (Design Expert® v.10.0.6.0 software) was used to optimise these four
criteria in this study. ACN was employed as a deproteinising agent in this investigation. Two
different amounts of the deproteinising agent—500 pl and 1000 pl—were used. The
supernatant was separated using two distinct centrifugation speeds, such as 10,000 and 12,000
rpm. Similar to this, two distinct levels of centrifugation time and temperature were examined:
7.5 and 10 minutes, while 5 and 7.5 degrees Celsius, respectively. [20, 21]

The use of experimental design made it simpler to optimise independent variables and their
interactions. The effect of many variables at once can be studied with the aid of experiment
design. The central composite design is used in this study to optimise the independent
variables. Four independent variables with two levels were employed in this investigation,
indicating that a total of 16 runs were needed to complete the experiment. As independent
variables, the centrifugation speed (B), time (C), temperature (D), and volume of the
deproteinising agent (A) were employed. These independent variables were projected at two
different levels, such as minimum (—1) and maximum (+1). A total of 30 experimental runs
were conducted, and the results, such as the percentage of drug extracted from plasma (TR1),
the number of theoretical plates (TR2), and the drug tailing factor (TR3), were entered into
software to examine how the independent variables interacted and to optimise the system.
Table 1 lists the parameters and concentrations utilised in the core composite design for the
extraction of quetiapine from human plasma, while Table 2 lists the experimental runs'
composition. [22, 23] The Quadratic Equation and analysis of variance (ANOVA) were used
to estimate the significance of the independent variables.

RS = fo + B1A + B2B + B3C + BaD + B12AB + B13AC + B1sAD + B23BC + B24BD + BaaCD +
B11A? + B22B? + B23C? + PasD?

Where, TR is the response, 3 represents as regression coefficients and A, B, C and D are,
volume of deproteinizing agent, speed of centrifugation, time of centrifugation and
temperature of centrifugation respectively.

Table 1: Central Composite Design for Extraction of Amphotericin-B From Human Plasma

Independent factors Levels

-1 +1
Volume of deproteinating agent (ul) 500 1000
Speed of centrifugation (rpm) 10000 12000
Time of centrifugation (min) 7.5 10
Temperature of centrifugation (°C) 5 7.5
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Table 2: Experimental Runs Obtained from Central Composite Design

Run Independent Variables
Volume of deproteinating agent = Speed of centrifugation = Time of centrifugation (min) = Temperature
(ul) (rpm) centrifugation (°C)
1 500 10,000 7.5 5
2 1000 10,000 7.5 5
3 500 12,000 7.5 5
4 1000 12,000 7.5 5
5 500 10,000 10 5
6 1000 10,000 10 5
7 500 12,000 10 5
8 1000 12,000 10 5
9 500 10,000 7.5 7.5
10 1000 10,000 7.5 7.5
11 500 12,000 7.5 7.5
12 1000 12,000 7.5 7.5
13 500 10,000 10 7.5
14 1000 10,000 10 7.5
15 500 12,000 10 7.5
16 1000 12,000 10 7.5
17 250 11,000 8.75 6.25
18 1250 11,000 8.75 6.25
19 750 8,000 8.75 6.25
20 750 14,000 8.75 6.25
21 750 11,000 6.125 6.25
22 750 11,000 13.25 6.25
23 750 11,000 8.75 3.75
24 750 11,000 8.75 8.75
25 750 11,000 8.75 6.25
26 750 11,000 8.75 6.25
27 750 11,000 8.75 6.25
28 750 11,000 8.75 6.25
29 750 11,000 8.75 6.25
30 750 11,000 8.75 6.25

Method Validation by HPLC: The designed and optimised approach was validated in
accordance with USFDA requirements. The following procedures, including selectivity,
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linearity, accuracy, precision, recovery, and stability, were used to validate the method. [24]

Selectivity: The lack of protein and/or other impurity interference with the drug peak's
retention period is a measure of selectivity. Rat blank plasma samples and drug-containing
plasma (LLQC, LQC, MQC, and HQC samples) were extracted using the same method as
described above, and six replicate injections of each were used for HPLC analysis. [25]

Linearity: Eight distinct concentrations, ranging from 5 pg/ml to 30.0 pg/ml, and blank
samples (plasma devoid of medication) were used to create the calibration figure. Three
duplicates of each concentration were made. To determine the correlation coefficient and
linear regression, drug concentration was plotted against drug/IS peak area ratio.

Accuracy: Three distinct quality control concentrations, including LQC, MQC, and HQC,
were used to measure accuracy. Nominal concentrations and average back-calculated
concentrations were used to determine the percent accuracy using the procedure provided in
Equation. [26] Six replicate injections of each quality control concentration were used to
calculate the average back calculated concentration.

Percent accuracy= BC/NCx100

Where, BC represents the average back calculated concentration and NC represents the
nominal concentration of drug. [27]

Precision: Both intra- and inter-day precision studies were carried out. Three quality control
levels—LQC, MQC, and HQC—were taken into consideration in this investigation. Six
duplicates of each were used twice a day (morning and evening) to perform intra-day precision
of the established approach for these three quality controls. For these three quality controls, an
inter-day precision study was also conducted using six replicates of each, twice on two separate
days (i.e., one and two days). [28, 29] The percentage relative standard deviation (%RSD) was
computed and the drug/IS peak area ratio was assessed.

Recovery: Analytical standards of the same concentration (un-extracted samples) were
compared with the absolute recovery of Amphotericin-B from spiking human plasma samples
(extracted samples). The mean percentage recovery was computed in this investigation at three
distinct concentration levels, including LQC, MQC, and HQC. The extracted and un-extracted
samples were examined in triplicate for every concentration level, and the mean was
determined. The recovery percentage approaching 100% shows that the process is reliable and
that the chosen solvent has an extremely high extraction efficiency. [30, 31, 32] Eqn provides
the formula used to determine the recovery percentage.

Percent recovery = AE/AU%100

Where, AE is the peak area of extracted samples and AU is the peak area of un-extracted
samples.

Limit of detection and limit of quantitation: Amphotericin-B's limit of detection and limit of
guantitation were established using serial dilutions of known concentration at signal-to-noise
ratios of 3:3 and 10:1, respectively. [33]

Stability studies: Amphotericin-B stability in human plasma was assessed using LQC and
HQC samples under various stress scenarios. [34, 35] The formula provided in Eqn was used
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to determine the percentage of medication that was still present in the plasma.

Percent drug remaining = final concentration/initial concentrationx100.

3. RESULT AND DISCUSSION

Optimisation of Extraction of Drug from Plasma: Using the central composite design, the
Design Expert® was utilised to optimise the extraction process. Analysis was done on the
primary and complicated effects of independent factors on responses. Using a quadratic
equation and perturbation plots created using the program, the impact of independent variables
on responses was evaluated, as seen in Figure 1.

B C

Fig 1: Effect of Factors, Volume of Deproteinising Agent (A), Speed of centrifugation (B),
Time of Centrifugation (C) And Temperature of Centrifugation (D) On % Drug Extraction
(TR1), Number Of Theoretical Plates (TR2) And Tailing Factor (TR3)

The volume of deproteinising agent (A) shown a significant effect on the percentage of drug
extraction from plasma (TR1), showing that the volume of deproteinising agent increased the

Nanotechnology Perceptions Vol. 20 No.7 (2024)



Design and Method Validation of Amphotericin-B... Tanvir Yusuf Shaikh et al. 1768

percentage of drug extraction. Likewise, the percentage of drug extraction is marginally
reduced by centrifugation temperature (D) and speed (B). However, the drug's ability to be
extracted from the plasma was unaffected by centrifugation time (C). The number of
theoretical plates is not affected by centrifugation speed (B) or time (C), according to the
perturbation plot of the number of theoretical plates (TR2). However, the number of theoretical
plates is increased by the volume of deprotenizing agent (A) and slightly increased by
centrifugation temperature (D). The tailing factor (TR3) is reduced by the volume of the
deproteinising agent (A), centrifugation time (C), and centrifugation temperature (D);
nevertheless, the tailing factor is unaffected by centrifugation speed.

ANOVA was used to analyse the responses, which included the percentage of drug extraction
(TR1), the number of theoretical plates (TR2), and the drug tailing factor (TR3). The letters
A, B, C, and D stand for the volume of the deproteinising agent, centrifugation speed,
centrifugation time, and centrifugation temperature, respectively. Below are the equations for
the response factors.:

% drug Extraction (TR1) = + 75.33+1.86 * A+0.15*B+0.17*C+0.13*D +0.27* AB
-0.55* AC-0.28* AD-0.15*BC -0.27 * BD -0.074 * CD -0.63 * A2+0.31 * B2 + 9.954 E-
002 * C2 +0.14 * D2

Number of theoretical Plates (TR2) = +4512.23 +66.54 * A +3.26 * B +13.54 * C +32.76 * D
-28.45 * AB +15.00 * AC +29.43 * AD +2.65 * BC -36.53 * BD +24.11 * CD -23.62 *
A2+16.39 * B2 +12.45 * C2 +31.76 * D2

Tailing Factor (TR3) = +1.23 -0.065 * A -0.014 * B -0.023 * C -0.055 * D +0.023 *
AB+2.501E-002 * AC+8.654E-003 * AD+0.039 * BC-1.250E-002 * BD-0.015 *
CD+1.875E-003 * A2 -0.014 * B2-0.024 * C2-0.065 * D2

Validation of optimised factors: By contrasting the observed and predicted responses, the
responses derived from optimised independent factors, such as the volume of the
deproteinating agent, centrifugation speed, centrifugation time, and centrifugation
temperature, were verified. Table 3 indicates that the discrepancy between the observed and
expected responses was within £2.11%. It was determined that the desirability value was
0.765. The value of the desirability, which is a measure of the method's suitability, was found
to be close to 1.0, indicating a robust extraction process.

Table 3: Optimized Independent Variables

Response Predicted Results Observed Result Residual Values
% extraction of Drug from = 75.11 77.62 -2.11

plasma

Number of theoretical plates = 4845 4732 1.01

Tailing factor 0.978 0.968 1.01

Validation of Bioanalytical Method: In accordance with USFDA requirements, the procedure
was validated. With a short run time of 5.42 minutes for amphotericin-B and 2.89 minutes for
internal standard irbesartan, the validated method was easy to use, cost-effective, and quick.
The spiked blank plasma sample did not exhibit a peak on or close to the drug and internal
standard retention times, according to specificity experiments. Fig. 2 displays the drug and

Nanotechnology Perceptions Vol. 20 No.7 (2024)



1769 Tanvir Yusuf Shaikh et al. Design and Method Validation of Amphotericin-B...

internal standard chromatographs.

545

Figure 2: Chromatogram Of Amphotericin-B And IS

A substantial connection of 0.9989 was revealed by the correlation coefficient value derived
from linearity. Using a calibration plot, the linear regression was determined to be
y=0.8236x+0.0562. where x represents the drug concentration and y represents the drug/IS
peak area ratio. With a %RSD ranging from 2.53% to 4.56%, the accuracy results indicated
that the approach was accurate. As indicated in Table 4, the percentage accuracy was also
determined to be within the range of 97.21 to 100.04%. According to precision results, this
method's %RSD ranged from 2.11% to 3.49%.

Table 4: Precision And Accuracy Results of Proposed Method (n=6)

Quality Control Level Nominal concentration (ug/ml) | Precision (% RSD Accuracy

Intra-day Inter-day % Accuracy % RSD
LQC 5 3.49 3.02 97.21 4.56
MQC 10 3.33 211 99.04 2.53
HQC 25 2.92 3.22 100.04 3.46

In comparison to un-extracted samples of the same concentration, the mean recovery of
valsartan from spiked human plasma (extracted) samples was found to be between 75.11 and
77.62%, with percent RSD values ranging from 0.45 to 0.71 percent. Table 5 reports the results
of the recovery.

Table 5: Recovery From Human Plasma (n=3)

Quality Control Nominal concentration (pg/ml) Percent mean recovery (%) % RSD
Level Mean SD

LQC 5 75.11 0.53 0.71
MQC 10 77.62 0.51 0.64
HQC 25 76.34 0.37 0.45
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The results showed that the limits of quantitation and detection were 15 ng/ml and 4.9 ng/ml,
respectively. Table 6 reports the results of stability studies that were examined at two levels,
such as LQC and HQC. According to the stability investigations, amphotericin-B proved
stable.

Table 6: Results of Stability Studies

Quality Control Level Percent Drug (%)

Bench Top Stability Long Term Stability
LQC 97.8 96.3
HQC 99.7 98.1

4. CONCLUSION

Design Expert version software was used to successfully build and optimise an HPLC
technique. Plots of perturbations have shown a high significant effect of independent variables.
The DoE is a very effective tool for optimising independent variables for the creation of a
bioanalytical method, according to the study's findings. In this way, the method described was
sensitive enough for the quantitative determination of AB in different biological tissues.
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