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ABSTRACT

We have created and validated a high-throughput approach for assessing N-
nitrosodimethylamine (NDMA) in medical items utilizing (HS-Channel MS),
which is a huge step forward in pharmaceutical analysis. Due to low levels of
the carcinogenic N-nitrosodimethylamine (NDMA) contamination, angiotensin
receptor blockers were initially evaluated in 2018. A lot of pharmaceutical
medicines with various APIs have been tested since then. In order to understand
and resolve this massive problem, the industry and authorities are working
together. Using methods based on gas chromatography or liquid
chromatography, conventional NDMA analysis entails sluggish model analysis
and complex model preparation. Selected ion flow tube mass spectrometry
(Channel MS) provides a straightforward method for analyzing NDMA in gas
phase using soft chemical ionization, with a quantification limit of 2 ng g—1.
The novel (MHE) method allowed for the efficient and rapid quantification of
NDMA from the drug substance without dissolving it, and at concentrations
significantly lower than the 96-ng day—1 regulation OK consumption. A
comparable study that evaluated metformin using MHE-Channel MS and a
more conventional (LC-MS/MS) method also discovered excellent agreement.
The novel MHE-Channel MS method may allow for more thorough testing of
pharmaceutical items since it boosts the throughput of standard models by
about multiple orders of magnitude.

Keywords: High-Throughput Method, N-nitrosodimethylamine (NDMA),
Quantitation, Drug Products, headspace-selected ion flow tube mass
spectrometry (Headspace—SIFT-MS), Active Pharmaceutical Ingredients
(APIs), Multiple Headspace Extraction (MHE) Technique
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1. INTRODUCTION
The pharmacological product N-nitrosodimethylamine (NDMA) has been the focus of
extensive research due to its classification as a potential human carcinogen [1]. The
substantial public health risk that NDMA contamination in pharmaceuticals poses makes the
development of sensitive and reliable analytical procedures for its quantification an essential
matter [2]. Despite their success, conventional methods like gas chromatography—mass
spectrometry (GC-MS) are ill-suited to high-throughput scenarios due to the considerable
model preparation and analysis time required [3]. This is why there is a growing need for
innovative methods that can quantify NDMA in pharmaceuticals quickly, accurately, and
with high throughput [4].
We have created and supported a (HS-Channel MS) high-throughput analytical technique in
answer to this need [5]. The benefits of headspace analysis, which considers the fast detection
of unstable substances from the model network without requiring a ton of arrangement, are
used in this technique [6]. We might accomplish strong NDMA detection and quantitation at
the following levels by combining this technology with Channel MS, an express and
exceptionally sensitive mass spectrometric method [7]. In addition to improving throughput,
our integration of headspace analysis with Channel MS protects the exactness and precision
expected for regulatory compliance [8].
A few essential forward leaps were made in the development of the HS-Channel MS
approach, for example, optimizing headspace conditions to increase the appearance of
NDMA from drug structures and fine-tuning Channel MS borders for designated ionization
and detection [9]. In addition, fastidious technique validation was conducted in accordance
with ICH recommendations to guarantee the method's dependability and repeatability for
different drug formulations [10]. The method's appropriateness for routine quality control and
regulatory submissions was demonstrated by the careful assessment of validation boundaries
like linearity, (LOD), (LOQ), exactness, precision, and robustness [11].
Furthermore, by drastically cutting down on the time and resources required for NDMA
analysis, the high-throughput capability of HS-Filter MS addresses the industry's expanding
requirement for effective screening of large quantities of medicinal items [12].
Pharmaceutical firms are supported by this methodological innovation in maintaining the
safety of their goods while complying with strict regulatory requirements [13]. HS-Filter MS
is a major development in pharmaceutical analysis that promotes improved medication safety
and quality assurance by providing a streamlined and appealing alternative for NDMA
quantification [14].
An important step in the correct direction for analytical science has been the invention and
validation of the HS-Filter MS technique for NDMA quantification in medicinal products
[15]. This novel approach offers a potent, sensitive, and high-throughput means of identifying
a fundamental contaminant in pharmaceuticals by fusing the advantages of headspace
sampling with the sophisticated capabilities of Filter MS [16]. This method's successful
application highlights its potential as a crucial instrument for the pharmaceutical sector,
guaranteeing the continuous protection of public health through improved monitoring of
medication safety [17].
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2. MATERIALS AND METHODS

2.1. Chemicals, Standards, and Samples

2.1.1. Samples of Drug Products
Technique development is the primary focus of this evaluation, with proof-of-concept
preliminary work on a small number of pharmaceutical goods following closely after. It
should be emphasized that although though the drug goods metformin and valsartan are from
reviewed clusters, the studies presented here were completed well beyond the item expiration
dates, thus the data cannot be compared and distributed from the hour of review. Therefore,
the results achieved here have no bearing on the item as originally presented, but instead
show the headspace-SIFTMS approach's potential. In this way, in request to evaluate the
quantitative adequacy of the Channel MS method of treatment, information collecting using
both LC and Channel MS has been done concurrently for the latest metformin survey. For
Filter MS analysis, 300 mg of the medication item was utilized, and for LC-MS/MS analysis,
400 mg, unless otherwise specified.

2.1.2. Standards and Chemicals
A laboratory water purification device was used to produce ultrapure water. Sigma Aldrich
provided the methanol (HPLC grade) and formic corrosive (>98% virtue).
Preparation of NDMA calibration standards was completed using a 5000-pg mL—1 standard
in methanol.

2.2. SIFT-MS

2.2.1. SIFT-MS Analysis
A proactive explanation of the SIFT-MS analytical approach with detailed explanations has
already been provided elsewhere. In this assessment, a business SIFT-MS device running on
helium transporter gas was utilized. Under customary factory settings, the SIFT-MS device
worked at 0.7 mbar for the ion source, 0.8 mbar for the transporter gas pressure in the flow
tube, 120 °C for the flow tube temperature, 25 V for the static potential on the tube, and
around 25 standards cubic centimeters each minute (sccm) for the model flow rate.
The SIFT-MS analysis performed by NDMA is previously illustrated. Analyte sensitivity to
SIFT-MS can be measured by looking at the reaction rate coefficient, or k. Nitrosamines are
more sensitive than other volatile organic compounds (VOCs) due to their high limit, which
means they could accumulate more k-values than other gases. This survey found no issues
with any of the frameworks that were tested.
High lingering solvent concentrations may impact SIFTMS concentration estimations due to
the unnecessary consumption of reagent ions. In this case, the NO+ reagent ion is usually
more potent than H30+ and O2 +- since it is considerably less weak to common solvents like
ethanol or isopropyl alcohol (due to their different reaction rate coefficients).

2.2.2. Automated Analysis of Headspace-SIFT-MS
An MPS, or multipurpose autosampler, was included with the SIFT-MS device. The
experiments were incubated in a virtual twelve spot agitator, which was made out of two
genuine six-place agitators, before the headspace was analyzed and injected into the SIFT-
MS instrument using a septum-less sampling head (GERSTEL).
The headspace analytical conditions for both the single measurement and MHE were
prepared by incubating 10 mL vials at 60 °C for 30 minutes. At a rate of 100 uL s—1, a 2.5
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mL portion of headspace was removed and injected into the model inlet of the SIFT-MS
instrument using a gas-tight syringe that had been warmed to 150> C. The overall flow into
the instrument was ensured to be 25 mL min—1 by syphoning high-prudence nitrogen make-
up gas through the warmed inlet (120° C). The syringe was quickly flushed at 200 mL min—1
without air after a model was injected.
Calibration takes this into consideration since model dilution at the inlet occurs in situations
like test measurement. The evaluation of each model took one hundred seconds. The fine-
grained concentrations represent the typical quality achieved during injection, which takes
around forty to sixty seconds.

2.3. Autonomous LC-MS/MS Evaluation
The LC-MS/MS method has been approved for use in the examination of metformin-
containing medicinal products by a couple of irbesartan and metformin pharmacological
substances. There was 0.2% formic acid in both of the elution solvents, which started with
95% water and 5% methanol.
Holding for one minute followed by ten minutes of sloping to 95% methanol, followed by
five minutes of holding. The procedure included dissolving 400 milligrams of programming
interface in 5 mL of water. Regardless, once completion, this approach caused gel formation
with the metformin pharmaceutical items, making case analysis more difficult. After being
mixed for two minutes at 2000 rpm on a Quick Blend (GERSTEL), the samples were
centrifuged for five minutes at 4500 rpm to separate the supernatant from the other
excipients.

3. RESULTS
Important NDMA detection performance by headspace-SIFT-MS and results comparing it to
a supported LC-MS/MS method are provided here, along with results demonstrating the
invention of the MHE-SIFT-MS technology. There were not enough readily available
instances to warrant the use of the progressive changing stages to analyze various
pharmaceutical substances containing NDMA.

3.1. Headspace-SIFT-MS Analytical Performance of NDMA Analysis
The most important steps in developing the technology were finding the (LOQ) for headspace
analysis and making sure the NDMA linear detection worked. Because NO+ is only
moderately sensitive to acetone and significantly less sensitive to methanol, the NO+ ion's
bent was linear in comparison. To try to stimulate a non-linear response in NO+, the last
choice was used as a buffer in the low concentration region; nonetheless, NO+ was still
strong. The effect is much the same regardless of whether the solvents are from the
calibration blend or a medicine stuff.

Table 1: (LOD), (LOQ), and (S/N) measurements for gas stage SIFT-MS examination of
NDMA delivered into a 2.5 mL aliquot at a rate of 100 pL s—1.

NDMA Reagent Ion— | Signal-to-Noise Theoretical LOD Theoretical LOQ
Product Ion Pair Ratio (S/N) Based on 3:1 S/N (ng) | Based on 10:1 S/N (ng)

H30+ 75 24.9 1.34 2.2

NO+ 74 16.4 1.52 2.8
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02+ 74 6.10 24 5.5

3.2. Method Development for Tablet Formulations Quantitative SIFT-MS Analysis

It is feasible to quantify outright concentrations in condensed stages independent of the
network by using multiple headspace extraction (MHE). For a fruitful MHE to give a decent
match to the decay of the VOC signal, analysis all through a dynamic range of around two
significant degrees is needed. Starting with a larger test volume (100-500 mg) as suggested
by static headspace analysis (at harmony; Figure 1) is the first order of business. For
ranitidine testing, the NO+ signal characteristics suggest using 500 mg of the prescription
item. When the conventional region-under-the-bend approach fails to adapt to calculating the
total concentration in the drug item, it is possible to include the concentration data from the
various injections. Thing 2's final concentration was inferred using the standard region under-
the-bend approach, whereas Thing 1's quality was obtained by combining injections 1-6.
Both pharmaceutical items R1 and R2 fell within the range reported to the US FDA for
ranitidine preparations, with NDMA strengths of 68 and 328 ng g—1, respectively.
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Figure 1: NDMA headspace response for the ranitidine drug products (a) R1 and (b) R2 was
estimated as a function of test mass using SIFT-MS.
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Figure 2: R1 and R2, which reflect the natural logarithm of headspace concentration as a
function of injection number, provide MHE-SIFT-MS data for NDMA in 500 mg tests of
ranitidine pharmaceutical items.

Using the natural logarithm, some MHE bends do not exhibit a linear relationship with
injection number, even though the results are completely repeatable. Two products, R1 and
R2, were tested at 300 mg with three-crease measurements; RSDs for R1 were 1.5-2.7% and
RSDs for R2 were 3.6-5.5%. This exemplifies the remarkable reproducibility of the SIFT-MS

method, even when applied to less-than-ideal cross sections.

Using a single headspace injection instead of full MHE for each case is made possible by the
excellent repeatability, which is demonstrated for MHE-SIFT-MS analysis of polystyrene,
where the last decision is repeatably associated with the main injection. The model headspace
should be harmonic with respect to the entire MHE, therefore keep that in mind.

A single valsartan pill was also used to evaluate the significance of the recently simplified
MHE method for ranitidine products. Despite the fact that their expiration value has not been
determined by the producers, it should be emphasized that this value pales in comparison to
the documented potential gains of up to 22 pg per tablet. When it comes to drug things R1
and R1, the necessary injection is close to 0.60, however when it comes to drug things V1 it
is only 0.16. Calibration using MHE is considered standard procedure for several drug thing
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systems. Compared to the ranitidine offshoots, this medication has a reduced headspace
partitioning.

3.3. LC-MS/MS Head-to-Head Comparison

To analyze NDMA in powdered pharmaceutical items, an MHE-SIFT-MS methodology was
developed, as mentioned in the previous subsection. Although they weren't compared to other
established chromatographic techniques, the findings of the method development demonstrate
that the methodology reports the correct significant level. Table 2 provides a summary of the
results, and Figure 3 illustrates the external association. The ion signals in the LC-MS/MS
study were suppressed for two examples (M5 and M6) due to the lattice. Keep this in mind.
Finding out how to quantify these models required more LC-based technique development,
which was beyond the scope of the current study, hence no data is accounted for. Although
the two methods approached test preparation and analysis in completely different ways, they
still managed to get highly congruent results for the four models they identified. In addition,
while the study results were obviously past their expiration dates, several of the
characteristics shown here were within the appropriate concentration range of 60 to 190 ng
per pill that the US FDA discovered in May 2020. With headspace-SIFT-MS, the item
screening process can be accelerated.
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Figure 3: correlation between the outcomes of the dissolution-LC-MS/MS and MHE-SIFT-
MS techniques for four metformin samples. Measured data is shown by the blue triangles.

Table 2: NDMA concentrations reported for the dissolution-LC-MS/MS and MHE-SIFT-MS
techniques in the metformin products.
Sample | SIFT-MS | LC-MS/MS

Ml 269 220
M2 242 268
M3 79.3 58

M4 157 143
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M5 132 *

M6 56.2 *

4. DISCUSSION

The consequences of creating an MHE-SIFT-MS technique to quantify NDMA in
pharmaceuticals without dissolving them in solvent (i.e., from the headspace above powdered
examples) were nitty gritty in the past section. Besides, a conventional LC-MS/MS system
was utilized to look into the methodology. With an accentuation on the methodology's truly
wide pertinence, this section examines the results and the potential benefits and
disadvantages of the recommended MHE-SIFT-MS approach contrasted with the old
methodology [18].

Notwithstanding the immensely different model preparation and analytical methodologies
utilized by the SIFT-MS and LC-MS/MS systems, Table 2 and Figure 3 show that for the
models that were up for evaluation, there is a significant level of agreement between the
methods. With SIFT-MS, you might lessen model preparation while increasing model
analysis throughput. In request to abstain from doing the tedious full MHE approach for each
case, the last and most significant option is to "breakdown" the methodology to a single
headspace analysis. In the limited ranitidine test set, the equivalency between products from
two manufacturers using different remaining solvents was generally excellent (Figure 2);
both R1 and R2 had MHE calibrations of 0.589 and 0.599, separately, for the principal
injection to the amount of the six MHE injections. Table 3 shows the results of the six
metformin tests. In these models, the RSDs for the MHE calibration were under 12% and for
the slant of the MHE fit, it was 14%. These outcomes recommend that MHE calibration is
appropriate across products, as this calculation is done for four distinct items or gatherings
from one manufacturer, and for metformin from three separate manufacturers. In view of this
reason, it would be reasonable to expect that it could be utilized less significantly the entire
day, or even longer, given the consistent outcomes saw with formaldehyde in a gel grid [19].

Table 3: Metformin NDMA analysis using MHE-SIFT-MS parameters (linear fit slope and
initial injection to total procedure ratio).

Metformin Sample and | First MHE Injection | Slope of the Linear Fit with
Statistical Parameters | to Total MHE Ratio Six Injections of MHE

Mi 1.1233 -1.2277

M2 1.1246 —1.2302

M3 1.0925 -1.1631

M4 1.1282 —1.2366

M5 1.1120 —1.2031

M6 1.1071 —1.1895

Mean 1.1146 -1.2084
Standard Dev. 1.0136 1.0287

RSD (%) 12.9% 14.8%
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In any case, it is acknowledged that the MHE-SIFT-MS method won't be beneficial all the
time. For instance, unless the MHE-SIFT-MS calibration is strong over a longer timeframe
(e.g., week by week calibration), the arrangement time for LC-MS/MS for extremely concise
model runs will probably be unrivalled. Note that this needs to be examined in a subsequent
report since it could not be evaluated here due to restricted drug-thing tests. For some grids,
quantitative analysis with SIFT-MS may be impossible due to persistent solvent levels in
headspace or because solvents themselves interfere with analyte measurement [20]. In any
event, subsequent DMF interference was effectively changed in the three medicinal items
under investigation here. In conclusion, given that chromatography is eliminated, it is
conceivable that the headspace composition of a few medicinal items is too mind boggling
for SIFT-MS to ascertain, as it doesn't give a meaningful separation of analytes. This will
become clear as soon as the approach is developed. However, it should be mentioned that
chromatographic methods are not impervious to framework effects. For example, in this
evaluation, ion suppression prevented the LC-MS/MS strategy from analyzing NDMA in two
of the metformin tests, but headspace-SIFT-MS quickly and accurately evaluated each of the
six cases utilizing the developed methodology. Furthermore, the recently developed
distributed extraction approach has to be significantly modified in order to be used with
metformin products rather than water-solvent programming interfaces. However, the
comparable SIFT-MS method has shown to be applicable to a variety of medicinal products
that have three APIs.

5. CONCLUSION

The results demonstrate that SIFT-MS can detect low levels of NDMA pollutant in
pharmaceutical products containing the three active pharmaceutical ingredients metformin,
ranitidine, and valsartan. When NDMA reacts with NO+, it forms the m/z 74 thing ion, which
SIFT-MS uses to provide express analysis for qualifying ions in these networks. Getting
explicitness and doing away with chromatography requires the ability to use several item ions
simultaneously in a single continuous analysis. The results of SIFT-MS were compared well
with those of an authorized LC-MS/MS method. While SIFT-MS isn't designed to provide a
definitive response for every drug cross-section, the results suggest that it should be
investigated further for the investigation of NDMA in various systems and other non-specific
nitrosamines in relevant pharmaceutical items. To provide system independent quantification,
the new SIFT-MS method employs the MHE technology to directly quantify from the
headspace of the powdered drug item. This accounts for the entire multiple-injection
technique's speedier analysis, which could bring about a day to day test throughput that is
generally 200% bigger than the LC-MS/MS method. One way or another, the MHE-SIFT-MS
framework genuinely must be completely approved. SIFT-MS's continuous analysis may
likewise be beneficial for situations involving in-process NDMA monitoring.

REFERENCES

1. Akkaraju, H.; Tatia, R.; Mane, S.S.; Khade, A.B.; Dengale, S.J. A comprehensive review
of sources of nitrosamine contamination of pharmaceutical substances and products. Regul.
Toxicol. Pharmacol. 2023, 139, 105355.



Savita Sambhaji Patil/Afr.J.Bio.S5c.6(2)(2024) Page 1551 of 14

2. Astarita, G., & Paglia, G. (2015). Ion-mobility mass spectrometry in metabolomics and
lipidomics.

3. Boltres, B. Evaluating nitrosamines from elastomers in pharmaceutical primary
packaging. PDA J. Pharm. Sci. Tech. 2022, 76, 136—150.

4. Breitbach, Z. (2018). High efficiency chiral separations in HPLC and SFC.

5. Cano, L., Gonzalez, A., de la Puente, M. L., & Lépez-Soto-Yarritu, P. (2005). Strategies
for The Purification of Synthetic Products in The Pharmaceutical Industry.

6. Golob, N.; Grahek, R.; Ross, M.; Roskar, R. Nitrocellulose blister material as a source of
N-nitrosamine contamination of pharmaceutical drug products. Int. J. Pharmaceutics 2022,
618, 121687.

7. Halbardier, J. (2018). Application of Novel Balance Systems: Next Step Towards
Laboratory Automatization?

8. Halden, R.U.; Gushgari, A.J. Critical review of major sources of human exposure to N-
nitrosamines. Chemosphere 2018, 210, 1124—-1136.

9. Langford, V.S.; Gray, J.D.C.; Maclagan, R.G.A.R.; Milligan, D.B.; McEwan, M.J. Real-
time measurement of nitrosamines in air. Int. J. Mass Spectrom. 2015, 377, 490—495.

10. Ligas, 1., Goulioti, E., Tarantilis, P., & Kotseridis, Y. (2024). A New Simple Method for
the Determination of Complex Wine Aroma Compounds Using GC-MS/MS—The Case of
the Greek Variety “Agiorgitiko”. AppliedChem, 4(2), 122-139.

11. Matheson, A. (2023). Monitoring Contaminants of Emerging Concern in the
Environment.

12. McEwan, M.J. Direct analysis mass spectrometry. In Ion Molecule Attachment
Reactions: Mass Spectrometry; Fujii, T., Ed.; Springer: New York, NY, USA, 2015; pp. 263—
317.

13. Neal-Kababick, J., & Goodman, W. (2009). GC-MS Screening for Melamine
Adulteration in Baby Formula and Dairy Products.

14. Park, J.; Seo, J.; Lee, J.; Kwon, H. Distribution of seven N-nitrosamines in food. Toxicol.
Res. 2015, 31, 279-288.

15. Perkins, M.J.; Silva, L.P.; Langford, V.S. Evaluation of solvent compatibilities for
headspace-SIFT-MS analysis of pharmaceutical products. Analytica 2023, 4, 313-335.

16. Schlingemann, J.; Burns, M.J.; Ponting, D.J.; Avila, C.M.; Romero, N.E.; Jaywant,
M.A.; Smith, G.F.; Ashworth, LW.; Simon, S.; Saal, C.; et al. The landscape of potential
small and drug substance related nitrosamines in pharmaceuticals. J. Pharm. Sci. 2023, 112,
1287-1304.

17. Thresher, A.; Foster, R.; Ponting, D.J.; Stalford, S.A.; Tennant, R.E.; Thomas, R. Are all
nitrosamines concerning? A review of mutagenicity and carcinogenicity data. Regul. Toxicol.
Pharmacol. 2020, 116, 104749.

18. Tricker, A.R.; Preussmann, R. Carcinogenic N-nitrosamines in the diet: Occurrence,
formation, mechanisms and carcinogenic potential. Mutat. Res. 1991, 259, 277-289.

19. Welch, C., Regalado, E. L., Welch, E. C., Hidalgo, N. A., Almstead, D., Kress, A. S., ...
& Kraml, C. (2015). MISER LC-MS Analysis of Teas, Soft Drinks, and Energy Drinks.

20. Zhang, J.; Selaya, S.D.; Shakleya, D.; Mohammad, A.; Faustino, P.J. Rapid quantitation
of four nitrosamine impurities in angiotensin receptor blocker drug substances. J. Pharm. Sci.
2023, 112, 1246-1254.



Savita Sambhaji Patil/Afr.J.Bio.S5c.6(2)(2024) Page 1552 of 14

21. Bonlawar, J., Setia, A., Challa, R.R., Vallamkonda, B., Mehata, A.K., Vaishali, ,
Viswanadh, M.K., Muthu, M.S. (2024). Targeted Nanotheransotics: Integration of Preclinical
MRI and CT in the Molecular Imaging and Therapy of Advanced Diseases.
Nanotheranostics, 8(3), 401-426. https://doi.org/10.7150/ntno.95791.
22. Pasala, P. K., Rudrapal, M., Challa, R. R., Ahmad, S. F., Vallamkonda, B., & R., R. B.
(2024). Anti-Parkinson potential of hesperetin nanoparticles: in vivo and in silico
investigations. Natural Product Research, 1-10.
https://doi.org/10.1080/14786419.2024.2344740
23. Suseela, M. N. L., Mehata, A. K., Vallamkonda, B., Gokul, P., Pradhan, A., Pandey, J.,
. & Muthu, M. S. (2024). Comparative Evaluation of Liquid-Liquid Extraction and
Nanosorbent Extraction for HPLC-PDA Analysis of Cabazitaxel from Rat Plasma. Journal of
Pharmaceutical and Biomedical Analysis, 116149.
https://doi.org/10.1016/j.jpba.2024.116149
24. Chakravarthy, P.S.A., Popli, P., Challa, R.R. et al. Bile salts: unlocking the potential as
bio-surfactant for enhanced drug absorption. J Nanopart Res 26, 76 (2024).
https://doi.org/10.1007/s11051-024-05985-6
25. Setia, A., Vallamkonda, B., Challa, R.R., Mehata, A.K., Badgujar, P., Muthu, M.S.
(2024). Herbal Theranostics: Controlled, Targeted Delivery and Imaging of Herbal
Molecules. Nanotheranostics, 8(3), 344-379. https://doi.org/10.7150/ntno.94987.
26. Dhamija P, Mehata AK, Tamang R, Bonlawar J, Vaishali, Malik AK, Setia A, Kumar S,
Challa RR, Koch B, Muthu MS. Redox-Sensitive Poly(lactic-co-glycolic acid) Nanoparticles
of Palbociclib: Development, Ultrasound/Photoacoustic Imaging, and Smart Breast Cancer
Therapy. Mol Pharm. 2024 May 5. doi: 10.1021/acs.molpharmaceut.3c01086. Epub ahead of
print. PMID: 38706253.
27. Eranti, Bhargav and Mohammed, Nawaz and Singh, Udit Narayan and Peraman,
Ramalingam and Challa, Ranadheer Reddy and Vallamkonda, Bhaskar and Ahmad, Sheikh
F. and DSNBK, Prasanth and Pasala, Praveen Kumar and Rudrapal, Mithun, A Central
Composite Design-Based Targeted Quercetin Nanoliposomal Formulation: Optimization and
Cytotoxic Studies on MCF-7 Breast Cancer Cell Lines. Available at SSRN:
https://ssrn.com/abstract=4840349 or http://dx.doi.org/10.2139/ssrn.4840349
28. Setia A, Challa RR, Vallamkonda B, Satti P, Mehata AK, Priya V, Kumar S, Muthu MS.
Nanomedicine And Nanotheranostics: Special Focus on Imaging of Anticancer Drugs
Induced Cardiac Toxicity. Nanotheranostics 2024; 8(4):473-496. doi:10.7150/ntno.96846.
https://www.ntno.org/vO8p0473.htm
29. Pasala, P. K., Rcaghupati, N. K., Yaraguppi, D. A., Challa, R. R., Vallamkond, B.,
Ahmad, S. F., ... & DSNBK, P. (2024). Potential preventative impact of aloe-emodin
nanoparticles on cerebral stroke-associated myocardial injury by targeting myeloperoxidase:
In Supporting with In silico and In vivo studies. Heliyon.
30. Mandal S, Vishvakarma P. Nanoemulgel: A Smarter Topical Lipidic Emulsion-based
Nanocarrier. Indian J of Pharmaceutical Education and Research. 2023;57(3s):s481-s498.
31. Mandal S, Jaiswal DV, Shiva K. A review on marketed Carica papaya leaf extract
(CPLE) supplements for the treatment of dengue fever with thrombocytopenia and its
drawback. International Journal of Pharmaceutical Research. 2020 Jul;12(3).



Savita Sambhaji Patil/Afr.J.Bio.S5c.6(2)(2024) Page 1553 of 14

32. Bhandari S, Chauhan B, Gupta N, et al. Translational Implications of Neuronal
Dopamine D3 Receptors for Preclinical Research and Cns Disorders. African J Biol Sci
(South Africa). 2024;6(8):128-140. doi:10.33472/AFJBS.6.8.2024.128-140

33. Tripathi A, Gupta N, Chauhan B, et al. Investigation of the structural and functional
properties of starch-g-poly (acrylic acid) hydrogels reinforced with cellulose nanofibers for
cu2+ ion adsorption. African J Biol Sci (South Africa). 2024;6(8): 144-153,
doi:10.33472/AFJBS.6.8.2024.141-153

34. Sharma R, Kar NR, Ahmad M, et al. Exploring the molecular dynamics of ethyl alcohol:
Development of a comprehensive model for understanding its behavior in various
environments. Community Pract. 2024;21(05):1812-1826. doi:10.5281/zenodo.11399708

35. Mandal S, Kar NR, Jain AV, Yadav P. Natural Products As Sources of Drug Discovery:
Exploration, Optimisation, and Translation Into Clinical Practice. African J Biol Sci (South
Africa). 2024;6(9):2486-2504. doi:10.33472/AFJBS.6.9.2024.2486-2504

36. Kumar S, Mandal S, Priya N, et al. Modeling the synthesis and kinetics of Ferrous
Sulfate production: Towards Sustainable Manufacturing Processes. African J Biol Sci (South
Africa). 2024;6(9):2444-2458. doi:10.33472/AFJBS.6.9.2024.

37. Revadigar RV, Keshamma E, Ahmad M, et al. Antioxidant Potential of Pyrazolines
Synthesized Via Green Chemistry Methods. African J Biol Sci (South Africa).
2024;6(10):112-125. doi:10.33472/AFJBS.6.10.2024.112-125

38. Sahoo S, Gupta S, Chakraborty S, et al. Designing, Synthesizing, and Assessing the
Biological Activity of Innovative Thiazolidinedione Derivatives With Dual Functionality.
African J Biol Sci (South Africa). 2024;6(10):97-111. doi:10.33472/AFJBS.6.10.2024.97-
111

39. Mandal S, Bhumika K, Kumar M, Hak J, Vishvakarma P, Sharma UK. A Novel
Approach on Micro Sponges Drug Delivery System: Method of Preparations, Application,
and its Future Prospective. Indian J of Pharmaceutical Education and Research.
2024;58(1):45-63.

40. Mishra, N., Alagusundaram, M., Sinha, A., Jain, A. V., Kenia, H., Mandal, S., &
Sharma, M. (2024). Analytical Method, Development and Validation for Evaluating
Repaglinide Efficacy in Type Ii Diabetes Mellitus Management: a Pharmaceutical
Perspective. Community Practitioner, 21(2), 29-37. https://doi.org/10.5281/zenodo.10642768
41. Singh, M., Aparna, T. N., Vasanthi, S., Mandal, S., Nemade, L. S., Bali, S., & Kar, N. R.
(2024). Enhancement and Evaluation of Soursop (Annona Muricata L.) Leaf Extract in
Nanoemulgel: a Comprehensive Study Investigating Its Optimized Formulation and Anti-
Acne Potential Against Propionibacterium Acnes, Staphylococcus Aureus, and
Staphylococcus  Epidermidis Bacteria. Community Practitioner, 21(1), 102-115.
https://doi.org/10.5281/zenodo.10570746

42. Khalilullah, H., Balan, P., Jain, A. V., & Mandal, S. (n.d.). Eupatorium Rebaudianum
Bertoni (Stevia): Investigating Its Anti-Inflammatory Potential Via Cyclooxygenase and
Lipooxygenase Enzyme Inhibition - A Comprehensive Molecular Docking And ADMET.
Community Practitioner, 21(03), 118—128. https://doi.org/10.5281/zenodo.10811642

43. Mandal, S. Vishvakarma, P. Pande M.S., Gentamicin Sulphate Based Ophthalmic
Nanoemulgel: Formulation and Evaluation, Unravelling A Paradigm Shift in Novel



Savita Sambhaji Patil/Afr.J.Bio.S5c.6(2)(2024) Page 1554 of 14

Pharmaceutical Delivery  Systems. Community Practitioner, 21(03), 173-211.
https://doi.org/10.5281/zenodo.10811540

44. Mishra, N., Alagusundaram, M., Sinha, A., Jain, A. V., Kenia, H., Mandal, S., &
Sharma, M. (2024). Analytical Method, Development and Validation for Evaluating
Repaglinide Efficacy in Type Ii Diabetes Mellitus Management: A Pharmaceutical
Perspective. Community Practitioner, 21(2), 29-37. https://doi.org/10.5281/zenodo.10642768
45. Singh, M., Aparna, T. N., Vasanthi, S., Mandal, S., Nemade, L. S., Bali, S., & Kar, N. R.
(2024). Enhancement and Evaluation of Soursop (Annona Muricata L.) Leaf Extract in
Nanoemulgel: a Comprehensive Study Investigating Its Optimized Formulation and Anti-
Acne Potential Against Propionibacterium Acnes, Staphylococcus Aureus, and
Staphylococcus  Epidermidis Bacteria. Community Practitioner, 21(1), 102-115.
https://doi.org/10.5281/zenodo.10570746

46. Gupta, N., Negi, P., Joshi, N., Gadipelli, P., Bhumika, K., Aijaz, M., Singhal, P. K.,
Shami, M., Gupta, A., & Mandal, S. (2024). Assessment of Immunomodulatory Activity in
Swiss Albino Rats Utilizing a Poly-Herbal Formulation: A Comprehensive Study on
Immunological Response Modulation. Community Practitioner, 21(3), 553-571.
https://doi.org/10.5281/zenodo.10963801

47. Mandal S, Vishvakarma P, Bhumika K. Developments in Emerging Topical Drug
Delivery Systems for Ocular Disorders. Curr Drug Res Rev. 2023 Dec 29. doi:
10.2174/0125899775266634231213044704. Epub ahead of print. PMID: 38158868.

48. Abdul Rasheed. A. R, K. Sowmiya, S. N., & Suraj Mandal, Surya Pratap Singh,
Habibullah Khallullah, N. P. and D. K. E. (2024). In Silico Docking Analysis of
Phytochemical Constituents from Traditional Medicinal Plants: Unveiling Potential
Anxiolytic Activity Against Gaba, Community Practitioner, 21(04), 1322-1337.
https://doi.org/10.5281/zenodo.11076471

49. Pal N, Mandal S, Shiva K, Kumar B. Pharmacognostical, Phytochemical and
Pharmacological Evaluation of Mallotus philippensis. Journal of Drug Delivery and
Therapeutics. 2022 Sep 20;12(5):175-81.

50. Singh A, Mandal S. Ajwain (Trachyspermum ammi Linn): A review on Tremendous
Herbal Plant with Various Pharmacological Activity. International Journal of Recent
Advances in Multidisciplinary Topics. 2021 Jun 9;2(6):36-8.

51. Mandal S, Jaiswal V, Sagar MK, Kumar S. Formulation and evaluation of carica papaya
nanoemulsion for treatment of dengue and thrombocytopenia. Plant Arch. 2021;21:1345-54.
52. Mandal S, Shiva K, Kumar KP, Goel S, Patel RK, Sharma S, Chaudhary R, Bhati A, Pal
N, Dixit AK. Ocular drug delivery system (ODDS): Exploration the challenges and
approaches to improve ODDS. Journal of Pharmaceutical and Biological Sciences. 2021 Jul
1;9(2):88-94.

53. Shiva K, Mandal S, Kumar S. Formulation and evaluation of topical antifungal gel of
fluconazole using aloe vera gel. Int J Sci Res Develop. 2021;1:187-93.

54. Ali S, Farooqui NA, Ahmad S, Salman M, Mandal S. Catharanthus roseus (sadabahar): a
brief study on medicinal plant having different pharmacological activities. Plant Archives.
2021;21(2):556-9.



Savita Sambhaji Patil/Afr.J.Bio.S5c.6(2)(2024) Page 1555 of 14

55. Mandal S, Vishvakarma P, Verma M, Alam MS, Agrawal A, Mishra A. Solanum
Nigrum Linn: An Analysis Of The Medicinal Properties Of The Plant. Journal of
Pharmaceutical Negative Results. 2023 Jan 1:1595-600.

56. Vishvakarma P, Mandal S, Pandey J, Bhatt AK, Banerjee VB, Gupta JK. An Analysis Of
The Most Recent Trends In Flavoring Herbal Medicines In Today's Market. Journal of
Pharmaceutical Negative Results. 2022 Dec 31:9189-98.

57. Mandal S, Vishvakarma P, Mandal S. Future Aspects And Applications Of Nanoemulgel
Formulation For Topical Lipophilic Drug Delivery. European Journal of Molecular &
Clinical Medicine.;10(01):2023.

58. Chawla A, Mandal S, Vishvakarma P, Nile NP, Lokhande VN, Kakad VK, Chawla A.
Ultra-Performance Liquid Chromatography (Uplc).

59. Mandal S, Raju D, Namdeo P, Patel A, Bhatt AK, Gupta JK, Haneef M, Vishvakarma P,
Sharma UK. Development, characterization, and evaluation of rosa alba 1 extract-loaded
phytosomes.

60. Mandal S, Goel S, Saxena M, Gupta P, Kumari J, Kumar P, Kumar M, Kumar R, Shiva
K. Screening of catharanthus roseus stem extract for anti-ulcer potential in wistar rat.

61. Shiva K, Kaushik A, Irshad M, Sharma G, Mandal S. Evaluation and preparation: herbal
gel containing thuja occidentalis and curcuma longa extracts.

62. Vishvakarma P, Kumari R, Vanmathi SM, Korni RD, Bhattacharya V, Jesudasan RE,
Mandal S. Oral Delivery of Peptide and Protein Therapeutics: Challenges And Strategies.
Journal of Experimental Zoology India. 2023 Jul 1;26(2).

63. Mandal, S., Tyagi, P., Jain, A. V., & Yadav, P. (n.d.). Advanced Formulation and
Comprehensive Pharmacological Evaluation of a Novel Topical Drug Delivery System for
the Management and Therapeutic Intervention of Tinea Cruris (Jock Itch). Journal of
Nursing, 71(03). https://doi.org/10.5281/zenodo.10811676



