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Abstract

Nystatin is a polyene macrolide antifungal active which is used for the treatment of candidiasis and obtained from some
species of Streptomyces bacteria. The present work describes the statistical suitability analysis for regular monitoring of
the agar diffusion bioassay in a simple, inexpensive and time-saving process before potency determination. A balanced
(symmetrical) two-dose parallel line assay model was applied using the agar well diffusion method for quantification of
Nystatin in raw material and finished medicinal dosage form. The routine inspection methodology yielded good results
and included calculations by the linear parallel model and by means of regression analysis and verified using analysis of
variance (ANOVA). The assay is based on the inhibitory effect of Nystatin upon a standard strain as described in the
United States Pharmacopeia (USP). The results of the post validation regular assays were treated statistically by ANOVA
and the deviations (expressed as average + standard deviation) from both raw and column totals were 0.702 + 0.476 and
0.865 * 0.468, respectively. The mean value of the variance ratio for regression and parallelism squares were 534.349 +
212.546 and 0.596 + 0.345, respectively. The study of Nystatin's ongoing analysis showed that the microbiological assay
design is satisfactory with respect to the limiting values for the determination of the potency. The established balanced
parallel line assay is reasonably stable and suitable and can be used for the regular drug analysis in routine quality control
testing and the quantitation of Nystatin in pharmaceutical dosage form and raw material.
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1. Introduction

Nystatin is referred to as the polyene macrolide antifungal compound, which could be obtained from some species

of Streptomyces (Streptomyces noursei) bacteria and is used for the treatment of different types of candidiasis [1, 2]. It
is prescribed to treat Candida infections of the human skin such as diaper rash, thrush, oropharyngeal and mucous
membrane (non-oesophageal) Gl candidiasis, and vaginal yeast infections [3-5]. It may also be used to prevent
candidiasis in high-risk populations [6, 7]. Nystatin may be used by mouth, in the vagina, or applied to the skin [1].
Nystatin IUPAC designation is detailed as (1S,3R,4R,7R,9R,11R,15S,16R,17R,18S,19E,21E,25E,27E,29E,31E,
33R,355,36R,37S)-33-[(2R,3S,4S,5S,6R)-4-amino-3,5-dihydroxy-6-methyloxan-2-ylJoxy-1,3,4,7,9,11,17,37-octahydr
oxy-15,16,18-trimethyl-13-0x0-14,39-dioxabicyclo [33.3.1] nonatriaconta-19,21,25,27,29,31-hexaene-36-carboxylic
acid (Figure 1) [8]. The chemical structure features a large ring of atoms (in essence, a cyclic ester ring) containing
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multiple conjugated carbon-carbon (-C=C-) double bonds (accordingly, polyene) on one side of the ring and multiple
hydroxyl groups bonded to the other side of the ring. The structure also often has a d-mycosamine (a type of amino-
glycoside) group bonded to the molecule [9]. The series of conjugated double bonds typically absorbs strongly in the
ultraviolet-visible region of the electromagnetic spectrum, often resulting in the polyene antibiotics having a yellow
colour [10, 11]. The activity of this antifungal drug is determined using a microbiological assay technique.

Figure 1. The structure of polyene antifungal (antimycotic) compound Nystatin

The strength of antimicrobial materials can be determined by both chemical and biological techniques [12]. These
methods embrace microbiological assays, automated chemical assays (such as high or ultrahigh-performance liquid
chromatography (HPLC or UPLC)), immunological assays (e.g. fluorescence polarization immune assay, fluorescence
immunoassay) and radioimmunoassay [13]. However, the analysis methodology has been transformed to
chromatographic assays for many antibiotics as they provide quantitative measurements of the purity and the amounts
and types of impurities in antibiotics. Nevertheless, a significant number of commercially and medicinally important
antibiotics are subject to analysis by microbiological assays till now [14]. The determination of antibiotic components
is usually done using chemical means such as HPLC or UPLC and ultraviolet (UV) spectrophotometry, but these
methods cannot provide a true indication of biological activity which is the main disadvantage of these methods.
However, the microbiological assay can precisely determine both the potency and bioactivity of an antibiotic. Besides,
the microbiological assay does not require specialized equipment or toxic diluents, buffers and mobile phases [15, 16].
Impurities and related substances do not affect the results of the microbiological assay [17]. It also precisely quantifies
the actual concentration of the active ingredient in antibiotic preparation when a microbial resistant situation arises.
The microbiological method is the most convenient way to determine the potency of antibiotics [18].

Since the microbiological assay is still holding its critical position for the evaluation of the antimicrobial materials
(from the previous argument paragraph), the validity and the quality of the results derived from the test must be
ensured to assure the conformance of the product to its dedicated use. Determination of antimicrobial potency is
extremely important for the quality control and quality assurance of antibiotic preparations. Hence, it is necessary to
select a practical and economical method for the quality control of antibiotics [19, 20]. Recently an implementation of
microbiological analysis has been developed for parenteral antibiotics by intravenous route of administration. This
biological assay is widely acceptable by regulatory authorities to monitor antibiotic potency [21]. Being a biological
assay, the microbiological assay is subject to some biological errors, but after validating all variable parameters it is
possible to obtain meaningful results and to achieve a precision similar to that of many chemical methods [17, 22].
Microbiological assay in comparison to chemical methods measures the true response of antibiotics on the biological
system and is used to obtain a more realistic and precise measurement of potency to overcome the antibiotic resistance
problem [12, 22-24].

In presence of challenging situations of a growing number of populations with weak and compromised immune
systems, there is an utmost necessity for antimicrobial agents to combat various types of infections. The delivered
antibiotic medications to the patients must be ensured to be of high quality and safety. Thus, the prescribed doses must
be met with high accuracy and confidence based on the labelled concentration of the active pharmaceutical ingredients
(APIs). The present study herein presents a fast, simple, inexpensive system for assessing the validity of routine
microbiological assay in the post-validation phase using an Excel-based template that has been prepared in advance
and validated before implementation which will be helpful for analysts in microbiology laboratories, especially in
developing countries and poor nations who would need to determine the validity of their analysis for the potencies
estimations before calculation of the strengths or activities of the antimicrobial entity.
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2. Material and Methods
2.1. Microbiological Test Evaluation System

Linear parallel model and regression analysis were used for statistical assay calculations [18]. Verification was
performed using analysis of variance (ANOVA) [18]. The statistical and potency calculations described by Hewitt and
European Pharmacopoeia Commission (EPC) were applied to the results of a microbiological assay of the antibiotic
Nystatin — that have comparable analysis design - as raw material and in medicinal preparation using the cylinder-plate
method (parallel lines with two reference standards and unknowns’ doses) [25, 26]. Initial investigation of datasets
involves outliers’ detection as individual recorded values and homogeneity of variances using Cochran test using
manual formula entry in Excel or built-in program integrated with it. Figure 2 describes the layout of the process
methodology as a flowchart used for the assay potency determinations. To evaluate the results, preliminary
calculations are presented for the purpose of preparing datasets required to complete the results. Calculations and
graphs were performed using Excel.

2.2. Microbiological Analysis of Nystatin

The basic analysis was performed as described in United States Pharmacopoeia and National Formulary (USP43-
NF38) [27]. The dilutions of the unknown (U), Nystatin test material and reference standards (S) were prepared at two
concentration levels of (1) 10 ug mL-1 and (2) 20 ug mL-1. The well-known design of the 2 x 2 assay (known as
symmetric or balanced analysis) was used in the present study [26]. Doses of standard and tests were placed once in
each block (large rectangular 8 x 8 plate) by punching wells in the solidified two-layer antibiotic agar medium, up to a
total of three test subjects were incorporated in a single plate. All reagents used were analytical grade. Purified water
was used in all experiments [28]. Commercial products and raw Active Pharmaceutical Product (API) were obtained
from the market retail.

2.3. Trending of Assay Validity Parameters and Potencies

Assay evaluation parameters were interpreted using control or trending charts performed by excel drawing to
provide laboratory self-assessment for the consistency of the analysis operation. This is done along with the trend of
estimated potencies for both raw material (RM) and finished product (FN) as International Unit (1.U.) per mg of
powder and g of the medicinal product, respectively. The basic assay variabilities included were deviations from
column total, deviations from the raw total, regression squares, parallelism and variations from preparation total. The
normality of data trends could be checked either manually or through calculation in an Excel sheet. The applied type
of the process-behavior chart was Individual-Moving Range (I-MR or XmR) plot. The principle of constructing and
interpreting the milestone trending charts has been addressed previously in other works [29-32]. Equations that are
necessary to construct the components of the control charts have been formulated in Excel or charts have been drawn
directly through built-in programs.

3. Results and Discussion

The activity of antimicrobial agents may be demonstrated under suitable conditions by their inhibitory effect on
microorganisms [17, 19]. Although the microbiological assay methods involve many steps and are time-consuming,
they can reveal subtle changes not demonstrable by chemical methods [19]. Data processing could be rendered easier
and time-saving with minimal error using appropriate formulae that have been programmed in a worksheet [25, 26].

The Parallel Line Model (PLM) is one of the most important designs for biological assays. The currently used
analysis belongs to Latin square assay of symmetrical type [33]. Since Nystatin is assigned to the WHO group B index
of degradable substances, the microbiological assay is a crucial test for the determination of the true activity of the
material as a pure entity and in pharmaceutical formulations. Importantly, the validity of the potencies obtained from
the assay determinations must be verified through checking tests sources of variability quantitatively of which two of
them are pharmacopeial, namely parallelism and regression analysis [25]. Accordingly, a spreadsheet has been
adopted for the presumed assay design to be used for regular assay of Nystatin from which there are no outlier
variances could be detected and the treatment groups passed the Cochran test [34]. The variance ratios (F-test) for the
sources of the test variabilities were tested against a limiting value to evaluate the system suitability for the assay.
Excel sheet template was evaluated against Hewitt and EPC prior to the implementation in the practical evaluation of
ten tests performed for Nystatin raw materials and healthcare products [25, 26]. This was done in a previous study as a
good practice strategy for programs and software validation before application in routine work activities. The recorded
zone of inhibitions (in mm x10) were tabulated in columns and the dispersion of each dataset was evaluated visually
using box and whisker plot in Figure 3. The spreading pattern of data was acceptable approaching normal scatter.
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Table 1 demonstrates outlier detection and only highlighted cells were spotted as aberrant values. However, the
automatic rejection rule was not recommended because after refereeing again to the previous figure, it was found that
these treatments demonstrated a tight clustering pattern. Thus, an apparently normal value - known by the experience
of the zone diameter trend - might appear as an excursion [25]. Accordingly, a decision was made to not exclude these
values. The calculated parameters of experimental variability sources for the successive experiments were determined
and recoded to build the cornerstone process-behavior charts. At p = 0.05, the calculated limiting values derivatives
from (row, column and preparation) totals, (regression and parallelism) and residual error (SSreg) squares were 2.24,
2.24,2.83, 12.52, 2.83 and 1.67, respectively. The degree of freedom (d.f.) for the previous parameters, in addition to
total (SStot) was seven, seven, seven, three, one, three, 42 and 63, respectively. This analysis is mandatory to judge
the quality of the assay before the determination of the potency of the unknowns or test subjects.

Preparation for antibiotic assay

A 4

Microbiological analysis using zone inhibition technique

\ 4

Recording raw results as zone diameter (mm x10)

Rearrangement as treatment groups for each preparation

A 4

Preliminary data visualization for:

Homogeneity of Outlier detection and Normality test for Dispersion and
variances assessment replicates spreading

) 4

Intermediate processing (column, row, treatment and preparation totals, in addition to range, variance and slope inspection ‘

ANOVA for the inspection of parameters: ‘
Investigational

Official .
. « Deviation from column total
* Regression squares « Deviation from row total
+ Parallelism squares « Deviation from preparation total

ANOVA for the inspPotency determination of the antimicrobial material as raw or finished product could be determined
with statistically acceptable confidence

Creation of trend database for assay parameters and potency determination

A 4

Control chart generation to monitor the process reproducibility and consistency

Figure 2. Flowchart showing research methodology for microbiological assay suitability and internal quality
assessment for the analysis
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Figure 3. Box-and-Whisker diagram showing data dispersion pattern of the inhibition zone diameters (mm x 10) in each
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Table 1. Outlier detection in dataset using USP method

Treatment groups/Plate (Limiting Value of G, =0.78) ®

Assay outlier test

Uiy Uy Uon Up Usn Uz, Sk S.
USP R of Upper Extreme 0.241 0.540 0.547 0.519 0.406 0.025 0.350 0.636
Test 1 Lower Extreme 0.466 0.664 0.439 0.500 0.404 0.875° 0.552 0.374
USP R of Upper Extreme 0.210 0.343 0.274 0.009 0.659 0.202 0.210 0.343
Test 2 Lower Extreme 0.468 0.154 0.277 0.103 0.524 0.403 0.468 0.154
USP R of Upper Extreme 0.250 0.343 0.657 0.838° 0.722 0.091 0.560 0.229
Test3 Lower Extreme 0.185 0.154 0.639 0.444 0.478 0.315 0.500 0.515
USP R of Upper Extreme 0.457 0.229 0.152 0.393 0.469 0.200 0.457 0.229
Test4 Lower Extreme 0.713 0.515 0.365 0.319 0.245 0.731 0.713 0.515
USP R of Upper Extreme 0.237 0.597 0.472 0.211 0.558 0.482 0.398 0.333
Test5 Lower Extreme 0.734 0.203 0.268 0.126 0.268 0.533 0.118 0.289
USP R of Upper Extreme 0.237 0.597 0.141 0.310 0.238 0.375 0.398 0.333
Test 6 Lower Extreme 0.734 0.203 0.407 0.745 0.474 0.690 0.118 0.289
Upper Extreme 0.237 0.597 0.111 0.123 0.632 0.064 0.053 0.333
USP R of Test 7

Lower Extreme 0.734 0.203 0.368 0.480 0.059 0.513 0.328 0.289

USP R of Upper Extreme 0.524 0.220 0.290 0.020 0.290 0.250 0.587 0.664
Test 8 Lower Extreme 0.463 0.361 0.209 0.113 0.209 0.121 0.178 0.312
USP R of Upper Extreme 0.524 0.220 0.343 0.405 0.343 0.541 0.587 0.664
Test9 Lower Extreme 0.463 0.361 0.658 0.627 0.658 0.627 0.178 0.312
USP R of Upper Extreme 0.455 0.398 0.235 0.933° 0.235 0.483 0.207 0.361
Test 10 Lower Extreme 0.563 0.293 0.116 0.071 0.116 0.377 0.719 0.324

@ The implemented equation for detecting aberrant values; G2 = (y3 — y1)/(yN-1 — y1), for N = 8 to 13 value/treatment or dose.
® Red highlighted cells are excursions in one side of the extreme values.

Preliminary evaluation of the raw data obtained from the inhibition zone diameter of the large agar plates is an
important part of good laboratory practice (GLP) to ensure the validity of the assay determinations. Basic assumptions
concerning microbiological assay involve linearity of the response with the logarithm of dose over the range of the
analysis doses using a randomized allocation of the treatments across the plate to compensate for any possible
deviation or error and the responses are expected to be normally distributed. Moreover, the standard deviations of the
treatment groups should not differ statistically from each other [25, 26]. This hypothesis was investigated, and the
outcome confirmed in Figure 4 using the Cochran C test for detection of outlier variance(s) [35]. Nevertheless,
normality analysis of the datasets was not of great concern in the microbiological assay as it is almost fulfilled.
Furthermore, replication in any treatment would minimize deviations introduced in the analysis so that there will be no
serious flaws in the test performed according to European Pharmacopoeia (EP) 2000 [36]. The present tests complied
reasonably with the above requirements.

Table 2 shows the degree of conformance of the assessed trends with Gaussian distribution. Data analysis and
interpretation were conducted using the same methodology described by the GraphPad manual which showed an
acceptable level of normality at a = 0.05 except raw total variance ratio factor [37, 38]. However, it showed a
reasonable level of normality at o = 0.01. This small deviation in normality is not of great concern because the
implemented process-behavior chart — in Figures 5 to 7 - shows significant robustness against deviation from Gaussian
dispersion [39, 40]. I-MR plot draws two charts: one for visualizing the variation in the inspection characteristics and
the other for tracking the process mean [41]. All points are confined within the windows of the control limits where
the Upper Control Limit (UCL) exceeded the critical limiting values for row and column totals, in addition to the
preparation total deviations [42]. Appropriately designed Latin square to ensure the randomness of treatment groups
for different preparations will minimize the impact of drifts from row and/or column totals [25, 26].

Table 2. Normality test for variances ratios and the potencies of Nystatin as a raw material and API in a medicinal product

Anderson-Darling test RM FN  Parallelism Squares '?(?t\évl Pre_rl)_?):;tion C_Io_lolig”lm Rgglrf:f‘ign
A2* 0.4363 0.3486 0.3529 0.6872 0.5642 0.2583 0.4160
P value 0.2351  0.4226 0.3880 0.0497 0.1070 0.6332 0.2662
Passed normality test (alpha=0.01)? Yes Yes Yes Yes Yes Yes Yes
P value summary ns ns ns * ns ns ns
ns: Not significant RM: Raw material FN; Finished product
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Figure 4. Cochran test for variance outlier detection in the treatment groups for ten microbiological assays of Nystatin
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Figure 5. I-MR (XmR) control charts for laboratory self-assessment of the running microbiological assay suitability: row
total, column total and preparation total
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Figure 7. I-MR (XmR) control charts for potency determinations of Nystatin in the pharmaceutical
preparations and as raw materials

On the other hand, the preparation value terms exceeded the warning value which is consistent with the noticeable deviations of
the estimated potencies for unknown Nystatin products in some tests from the standard activity which in turn is reflected in the
control chart. The possibility of the existence of a non-detectable slight curvature cannot also be ruled out. Importantly, the
compendial requirements have two basic requirements for a successful analysis in this case [26]:

e Linear regression which should be fairly higher than the warning value.

e Non-parallelism which should be lower than the critical value.

Non-official requirements of the variance ratios that could be added to the causes of the experimental variability include all the
remaining sources of variations which embrace preparation, row and column totals and they are informative for the analysts to track
the significance of the sources of variations to improve them and enhance the assay conditions. The estimated potencies of FN and
RM products showed an initial acceptable trend that lies within the control limits. However, a larger number of recorded test results
(e.g. >50) are needed to build a meaningfully solid trend to trace the analysis behaviour over the long term. The analysis is
generally acceptable yielding valid results, but caution should be taken to improve test conditions, notably variations due to
preparation, raw and column factors. Construction of control charts could be rendered easy by loading the needed equations in a
spreadsheet and regularly maintaining a routine update of data to follow the change in the inspection characteristics chronologically
[43]. This will further assist in the management of the quality of the microbiological analysis system in the laboratory.

4. Conclusion

Despite the great advancement in the automation of the laboratory workflow which renders the activities more consistent,
predictable and reproducible, this privilege could not be attained smoothly globally. Expensive and sophisticated technology is
always a barrier that hinders the progress in the developing countries to catch that in the developed nations. Microbiological
analysis is cheap, simple and does not require extensive utilities and instrumentation (if compared with other techniques such HPLC
or UPLC methods), yet it is largely dependent on the training and skills of the analysts. Thus, quantitative metrics for judgment of
the test validity are crucial and mandatory to be established based on statistical interpretation before accepting the output results
which affect product quality and decision-making. The statistical analysis for the sources of variations and errors in the potency
determination coupled with trending charts would be of great importance for spotting any deviations or abnormal drifts in the
quality of the analysis performed and its routs early enough before any excursions could devastate the outcome results and
conclusions derived from the test.
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Preliminary assessment of the quality of the microbiological antibiotic assay is an indispensable step in the evaluation of the
analysis before considering the calculated potency for the determination of the strength of RM or FN products. This initial
investigation step is rendered easy and convenient through programming spreadsheets with formulae and equations for the
calculation of the parameters that signify the quality of antibiotic assay, in addition to the potency estimation. Accordingly, the
consistency and reproducibility of the performance of the microbiology laboratory and the analysed subjects could be assessed
quantitatively over the long run using trending charts which also could be generated through Excel worksheets. Consequently, GLP
could be ensured through a continuous improvement program by investigating the standard procedures, quality of reagents/media
batches, instrument qualification/calibration and training of personnel.
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