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ABSTRACT

Introduction: Oxaliplatin is widely utilized in cancer therapy but is often limited by significant side
effects. Zeolitic Imidazolate Framework-8 (ZIF-8), a type of metal-organic framework nanoparticle,
has been investigated as a delivery system for oxaliplatin, offering advantages such as targeted
cancer cell delivery and controlled drug release. This study aimed to develop and validate a sen-
sitive, straightforward, and cost-effective reverse-phase high-performance liquid chromatography
(RP-HPLC) method for quantifying oxaliplatin within ZIF-8. Methods: Various chromatographic
conditions were developed to accurately quantify oxaliplatin-loaded ZIF-8. The final HPLC method
was validated in accordance with International Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use (ICH) guidelines. Results: Chromatographic separation
was achieved on an RP-C18 column (250 x 4.6 mm, 5 um) using isocratic elution with a methanol-
water mobile phase (1:1 ratio) at a flow rate of 0.8 mL/min. Detection was performed with a PDA
detector set at 230 nm. The method demonstrated suitability through validation of specificity, lin-
earity, accuracy, precision, range, and robustness. Linearity was confirmed within a concentration
range of 0.1-1.5 mg/mL, with a correlation coefficient (R?) of 0.9994. Accuracy ranged from 98.79%
10 99.71%, with a mean accuracy of 99.16%, and the relative standard deviation was 0.48%. Conclu-
sion: The validated RP-HPLC method offers a reliable and robust means for assessing the loading
capacity and release performance of oxaliplatin in ZIF-8, serving as an essential analytical tool for
evaluating this drug delivery system. This approach supports precise formulation assessment, aid-

ing in the accelerated development of future applications in drug delivery research.
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INTRODUCTION

Cancer remains one of the leading causes of mor-
tality worldwide, imposing a considerable economic

burden on many nations'.

Chemotherapy, a pri-
mary approach to cancer treatment, relies on drugs
to eliminate cancer cells, inhibit tumor growth, and
prevent metastasis 2, Among these therapeutic agents,
platinum-based compounds - particularly oxaliplatin
(OXP) - are widely employed. However, oxaliplatin
often necessitates high dosages and exhibits limited
selectivity, which can compromise treatment efficacy
and amplify adverse effects . To overcome these lim-
itations, metal-organic frameworks (MOFs) such as
Zeolitic Imidazolate Framework-8 (ZIF-8) have been
investigated as potential drug delivery systems. ZIF-
8 shows promise for oxaliplatin encapsulation, offer-
ing benefits such as enhanced drug stability, improved
bioavailability, and controlled release profiles*~”.

Previous studies have primarily utilized Inductively
Coupled Plasma (ICP) analysis to measure drug load-

ing onto nanomaterials, though this technique lacks

the specificity and sensitivity of High-Performance
Liquid Chromatography (HPLC). Additionally, exist-
ing HPLC methods for quantifying free oxaliplatin
or its injectable formulations are not directly applica-
ble to oxaliplatin-loaded ZIF-8 (OXP@ZIF-8) due to
the distinctive properties of this nanoparticle-based
system. This highlights the need for a quantitative
method that is straightforward, accurate, and reliable
for determining the active pharmaceutical ingredient
(API) in OXP@ZIF-8 and evaluating its release pro-
file®. The aim of this study is to develop and validate
an HPLC method specifically for quantifying oxali-
platin in ZIF-8 formulations, facilitating the assess-
ment of drug loading and release efficiency - an ap-
proach not yet documented in the literature.

METERIALS - METHODS

Materials

Chemical reagents and solutions:Oxaliplatin samples
were generously provided by the Institute of Drug
Quality Control, Ho Chi Minh City (Vietnam) (Lot
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No. CA-22060) as a gift, while the oxaliplatin Eu-
ropean Pharmacopoeia standard was procured from
SigmaAldrich (Germany) (Lot No. R152G0). ZIF-
8 was synthesized following the protocol published
by INOMAR (Vietnam). Methanol and water, both
HPLC-grade, were obtained from Fisher Scientific
(USA).

Instruments: A Shimadzu HPLC system LC-2030 3D
equipped with a Photo Diode Array (PDA) detector
(Japan) was utilized for the analysis. Data acquisition
and processing were carried out using Lab Solution
software (Japan). A Phenomenex Reverse-Phase C18
(RP-C18) column (250 x 4.6 mm, 5 um) (USA) was
used, along with other precision analytical glassware
for the study.

Preparation of solutions

Stock solution: An accurately measured 10.0 mg of
oxaliplatin sample was dissolved in water in a 10 mL
volumetric flask and diluted to the calibration mark.

OXP@ZIF-8 sample solutions:
each oxaliplatin-loaded ZIF-8 complex was weighed

Precisely 5.0 mg of

into an amber-colored flask, followed by the addition
of 5 mL of the stock solution. The mixture was stirred
continuously at room temperature for 24 hours to en-
sure complete drug release. After centrifugation at
12,000 rpm for 10 minutes at 4°C, the supernatant was
collected and filtered through a 0.45 um nylon filter
before injection into the HPLC system.

Standard solution:An exact 10.0 mg of oxaliplatin
standard was dissolved in water in a 10 mL volumet-
ric flask and diluted to the mark. The solution was
filtered through a 0.45 um nylon filter into a 1.5 mL
vial.

The stock solution was prepared at a high concen-
tration to maintain stability and facilitate serial di-
lutions for creating standard solutions with varying
concentrations for the calibration curve. ZIF-8 sam-
ples (without oxaliplatin) were prepared under iden-
tical conditions to assess the specificity of the method.

HPLC parameters development

Determination of detection wavelength: The UV-Vis
spectrum in HPLC chromatography was utilized to
identify the wavelength at which oxaliplatin exhibited
maximum absorbance.

Method development: Various mobile phase ratios
were tested using an RP-HPLC column paired with
a PDA detector. The optimal chromatographic con-
ditions were determined by evaluating factors such as
retention time, resolution, tailing factor, and peak pu-
rity.

Validation of analytical method

The developed HPLC with suitable criterias was val-
idated according to International Council for Har-
monisation of Technical Requirements for Pharma-
ceuticals for Human Use (ICH) Q2 (R1) guidelines for
analytical criteria® such as system suitability, speci-
ficity, linearity, accuracy, precision, range, robust-
ness. The limit of detection (LOD) and limit of quan-
titation (LOQ) have been calculated based on a signal-
to-noise ratio (S/N = 3 for LOD and S/N = 10 for
LOQ) as per ICH guidelines.

RESULTS

HPLC parameters development

Various chromatographic conditions, including dif-
ferent mobile phase ratios, flow rates, column tem-
peratures, and detection wavelengths, were evalu-
ated. The optimal conditions were determined to be a
methanol/water ratio of 1:1, a flow rate of 0.8 mL/min,
room temperature, and a detection wavelength of 230
nm. These conditions provided sharp, well-resolved
peaks and reproducible retention times. The chro-
matograms showed a retention time (tR) of 3.7 min-
utes for oxaliplatin, with well-defined peak character-
istics (Figure 1).

Validation of analytical method

System suitability was evaluated by injecting a stan-
dard solution six times and recording the results. As
shown in Table 1, the % Relative Standard Deviation
(RSD) of the measured parameters met the accep-
tance criterion of <2.0%. Consequently, the method
was deemed suitable for system performance
Specificity

The analytical method’s specificity - its ability to ac-
curately measure the target compound in the pres-
ence of other components - was evaluated. Specificity
testing was performed separately for oxaliplatin, ZIF-
8, and their combination under standard conditions
to ensure accurate identification. Additionally, peak
purity was assessed to confirm the method’s selectiv-
ity. Figures 2, 3, 4, 5 and 6 shows the chromatogram
from the specificity study, demonstrating that oxali-
platin was completely separated from other compo-
nents in the mixture. In the standard solution, a sin-
gle oxaliplatin peak appeared at 3.7 minutes, while
the blank chromatogram using the diluent showed no
peaks. Chromatograms of ZIF-8 samples displayed
additional peaks, but their retention times differed
from that of oxaliplatin. In spiked standard sam-
ples, the oxaliplatin peak area and height increased
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Figure 1: Chromatography of oxaliplatin standard; (Source: Authors’ own work)

Table 1: System suitability results (n=6)

S.No tg (min)  Area (mAU*s)
1 3.761 4692636
2 3.764 4694008
3 3.764 4690122
4 3.764 4692585
5 3.764 4691154
6 3.764 4690837
Mean 3.764 4691890
Accepteance criteria - -
Standard deviation 0.001 1435.395
%RSD 0.033 0.030

Tailing factor ~ Resolution  Theoretical plate count
1.236 2.638 6535
1.243 2.641 6614
1.237 2.645 6470
1.234 2.648 6468
1.236 2.651 6532
1.242 2.649 6585
1.238 2.6445 6534
0.8-1.5 > 1.5 > 2000
0.004 0.394 59.090
0.294 0.19 0.904

[Data source: Experimental data generated by the authors using HPLC system LC-2030 3D; statistical parameters calculated using

Microsoft Excel]

compared to the base sample, while other peaks re-
mained consistent. The peak purity exceeded the re-
quired standard of 99.99%, confirming the analytical
method’s specificity.

Linearity

To evaluate the linearity of oxaliplatin in this method,
a series of standard solutions at concentrations rang-
ing from 0.1 to 1.5 mg/mL were prepared (Table 2).
Each concentration was injected in triplicate under
identical conditions, and the mean peak areas were
used to construct the calibration curve. Linearity
was assessed using the least squares linear regression
method.

The linear equation for oxaliplatin was determined to
be ¥ = 5E+06x + 106071, with a high goodness-of-

fit (R?) value of 0.9994 (Figure 7), indicating a strong
linear relationship between oxaliplatin concentration
and peak area. This result confirms that the HPLC
method meets the linearity requirement within the
tested concentration range of 0.1 to 1.5 mg/mL for ox-
aliplatin.

Precision

Precision was evaluated through both repeatability
and intermediate precision, using multiple measure-
ments of the standard solution. Repeatability was as-
sessed with six standard solutions at 100% concen-
tration on the same day, while intermediate preci-
sion was determined with twelve standard solutions
at 100% concentration, prepared by two different in-
dividuals on separate days. The Relative Standard De-
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Figure 2: Chromatograms of the specificity resulting from standard solution; (Source: Authors’ own work)
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Figure 3: Chromatograms of the specificity resulting from blank solution; (Source: Authors’ own work)

Table 2: Linearity results

Concentration (mg/mL) Peak area (mAu*s) Mean (mAu*s) %RSD
0.1 487230 487230 486890 487116.7 0.040
0.2 1006939 1006217 1004721 1005950.0 0.112
0.4 2005273 2006859 2005937 2006016.0 0.039
0.5 2389135 2383821 2387734 2386897.0 0.115
0.8 3826695 3824610 3823250 3824852 0.045
1.0 4706463 4710812 4707608 4708294 0.047
1.2 5627255 5629375 5625684 5627438 0.032
1.5 6896038 6894973 6895497 6895503 0.007

[Data source: Experimental data generated by the authors using HPLC system LC-2030 3D; statistical parameters calculated using Microsoft
Excel]
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Figure 4: Chromatograms of the specificity resultingfrom ZIF-8 material; (Source: Authors’ own work)
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Figure 5: Chromatogram of oxaliplatin-loaded ZIF-8 standard (OXP@ZIF-8 standard); (Source: Authors’ own work)

viation (RSD) of oxaliplatin content was calculated
from the peak area results.

As shown in Table 3 and Table 4, the method met
the precision criteria, with RSD values of 1.603% and
1.536%, both well below the 2% threshold. These re-
sults align with ICH Q2(R1) criteria for analytical pre-
cision. Analysis using the F-test and T-test revealed
significant variance differences between the two indi-
viduals, but no significant difference in the mean val-
ues, with Ftn < F0.01 and Ttn < T0.01. Therefore, the
HPLC method satisfied the precision requirements.
Accuracy

For accuracy evaluation, three standard solutions
(80%, 100%, and 120%) were spiked into OXP@ZIF-
8 sample solutions - by three different individuals at

separate times - to calculate recovery rates, ensuring
the method’s reliability for determining oxaliplatin
content in the matrix. Each concentration was in-
jected in triplicate. The percentage recovery of the
added oxaliplatin and the Relative Standard Deviation
(RSD) of the recovery rates were calculated from these
results (Table 5).

The accuracy results showed percentage recovery val-
ues ranging from 98.35% to 99.97%, with a mean re-
covery of 99.26% and an RSD of 0.539% across all
three concentration levels, confirming the method’s
reliability in accordance with ICH Q2(R1) guidelines.
These findings indicate that the method can be reli-
ably applied to determine oxaliplatin in a mixture with
ZIF-8.
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Figure 6: Chromatogram of oxaliplatin-loaded ZIF-8 sample (OXP@ZIF-8 sample); (Source: Authors’ own work)

8000000

7000000

6000000

5000000

4000000

Peak area

2000000 R

1000000 L

3000000

R?=0.9994  ..-®

04 0.6

0.8 1 1.2 1.4 16

Concentration (mg/mL)

Figure 7: Correlation curve analysis for oxaliplatin regression; (Source: Authors’ own work)

Range: The method’s range was established at 0.1 to
1.5 mg/mL based on linearity, precision, and accuracy
criteria. 'This range ensures reliable quantification,
with a correlation coefficient (R?) of 0.9994, accuracy
between 98.35% and 99.97%, and precision with RSD
below 2%, fully complying with ICH Q2(R1) guide-
lines.

Robustness:Several minor variations in experimental
conditions were assessed by calculating the Relative
Standard Deviation (RSD) for key parameters, includ-
ing flow rate adjustments of 0.1 mL/min, column

temperature variations of +2°C, and different vial po-
sitions in the tray. The chromatographic results con-
firmed that the method satisfied the requirements for

%RSD, tailing factor, and resolution.

The limit of detection (LOD) and limit of quanti-
tation (LOQ): The LOD and LOQ were determined
to be 0.0354 ug/mL and 0.118 pg/mL, respectively,

based on a signal-to-noise ratio (S/N).
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Table 3: Repeatability results

Sample No. Weight (mg)
1 10.0
2 10.0
3 10.1
4 10.0
5 10.0
6 10.0
Mean (%)

%RSD (n =6)

Peak area (mAu*s) Content (%)
4640436 98.559
4704070 99.910
4800651 101.961
4719347 100.234
4680966 99.420
4641964 98.591

99.779

1.603

[Data source: Experimental data generated by the authors using HPLC system LC-2030 3D; statistical parameters calculated using Microsoft

Excel]

Table 4: Intermediate precision results

Sample No.  Member 1 Member 2
Weight (mg) Peak area  Content (%) Weight (mg) Peak area  Content (%)
(mAu*s) (mAu*s)
1 10.1 4780564 101.535 10.1 4789229 101.719
2 10.1 4774908 101.415 10.1 4873749 103.514
3 10.1 4785861 101.647 10.1 4819844 102.369
4 10.0 4647844 98.716 10.1 4893462 103.932
5 10.0 4648704 98.734 10.0 4672375 99.237
6 10.1 4782363 101.573 10.1 4807782 102.113
Mean (%) 100.603 Mean (%) 102.148
%RSD (n =6) 1.448 %RSD (n =6) 1.624

Average content (%) of two members (n = 12): 101.376 %RSD (n=12): 1.536

Fyn = 1.297 < Fg o1 = 10.967

Ty = 1.714 < Tg o1 = 3.196

[Data source: Experimental data generated by the authors using HPLC system LC-2030 3D; statistical parameters calculated using Microsoft

Excel]

DISCUSSION

This analytical method employs reverse-phase chro-
matography with a PDA detector and an ODS-C18
column, developed based on the polarization charac-
teristics of oxaliplatin. The carefully selected mobile
phase, a 1:1 mixture of methanol and water, enhances
the stability of the target compound while facilitating
its complete isolation from other substances at a de-
tection wavelength of 230 nm.

The method’s effectiveness is demonstrated by its abil-
ity to selectively isolate oxaliplatin from other com-
ponents, which is critical for accurately quantifying
drug loading and monitoring release kinetics within
the ZIF-8 drug delivery system. Its high sensitivity

and specificity provide precise measurements of ox-
aliplatin concentrations, minimizing potential inter-
ference from other system components. This method
has been successfully applied in ZIF-8 analyses, un-
derscoring its capability to enhance and refine drug
delivery processes.

While HPLC remains the gold standard for quanti-
fying oxaliplatin in commercial formulations, these
methods are tailored for free oxaliplatin or injectable
forms. When applied to nano-materials like ZIF-8,
matrix interference and specific interactions between
the drug and carrier compromise their accuracy. ICP-
MS provides precise measurements of platinum con-
tent but lacks specificity for evaluating drug release
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Table 5: Accuracy results

Level (%) Weight Concentration
added (mg) added (mg/mL)
80% 8.0 0.8
8.0 0.8
8.0 0.8
100% 10.0 1.0
10.0 1.0
10.0 1.0
120% 12.0 12
12.0 1.2
12.0 1.2

Average recovery rate (%)

%RSD

Mean of peak  Concentration Recovery (%)
area (mAu*s) recovery
(mg/mL)
3762027 0.787 98.357
3784160 0.791 98.936
3784160 0.791 98.936
4698839 0.998 99.799
4693053 0.997 99.676
4693365 1.009 99.682
5570250 1.188 99.978
5570550 1.189 99.083
5569939 1.188 98.978
99.269
0.539

[Data source: Experimental data generated by the authors using HPLC system LC-2030 3D; statistical parameters calculated using Microsoft

Excel]

kinetics. The tailored HPLC method developed in
this study overcomes these limitations by enabling ac-
curate quantification of oxaliplatin in ZIF-8 formula-
tions.

In contrast, UV-Vis spectroscopy, which is often used
for quantifying drug loading in nanomaterials, has
several limitations. UV-Vis typically lacks the speci-
ficity to distinguish oxaliplatin from other compo-
nents, leading to less precise quantification. More-
over, its non-specific nature increases the likelihood
of interference from other substances, compromising
the reliability of drug content determination. The cus-
tomized HPLC method, however, is specifically de-
signed to account for oxaliplatin’s unique characteris-
tics within the ZIF-8 structure, making it a more re-
liable tool for assessing drug loading and release pro-
files compared to previous techniques.

With a broad linear range of 0.1 to 1.5 mg/mL and
minimal RSD values, this method ensures accurate
quantification across typical concentrations used in
drug loading and release studies. Its versatility and
robustness make it suitable for various stages of drug
delivery system development, from initial loading ex-
periments to in-depth studies on release kinetics.

In adherence to ICH guidelines, a comprehensive val-
idation process has confirmed key criteria such as sys-
tem suitability, specificity, linearity, accuracy, preci-
sion, range, and robustness, ensuring the method’s
reliability and applicability in drug delivery research.
This thorough validation distinguishes the current

method from earlier reports, which may not have fully
evaluated these critical analytical parameters.

The use of common solvents, reagents, and standard
equipment enhances the method’s accessibility across
various laboratory settings. This analytical tool en-
ables rapid, cost-effective analysis and supports more
accurate comparisons, ultimately facilitating the ad-
vancement of innovative drug delivery systems utiliz-
ing ZIF-8.

CONCLUSIONS

This study has developed and validated an HPLC-
PDA method for the accurate quantification of ox-
aliplatin incorporated into ZIF-8 structures. This ap-
proach allows for rapid and cost-effective analysis, ef-
fectively determining both drug incorporation and re-
lease rates. By providing a reliable analytical tool for
complex ZIF-8 compositions, this methodology en-
sures the safety and efficacy of innovative drug deliv-
ery systems while establishing a foundation for accel-
erating future developments. Consequently, it is par-
ticularly beneficial for advancing research in this field
in Vietnam.
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TOM TAT

Pat van dé: Thudc oxaliplatin dugc sir dung réng réi trong diéu tri ung thu nhung thudng bi han
ché béi cac tac dung phu nghiém trong. Zeolitic Imidazolate Framework-8 (ZIF-8), mot loai vat liéu
cdu trdc khung hitu co kim loai cé kich thudc hat nano, da dang dugc nghién cliu nhu mot hé van
chuyén thudc tiém nang cho oxaliplatin, nhd nhimg uu diém nhu kha nang hudng dich té bao ung
thu va gidi phong thude co kiém soat. Nghién clru nay nhdm xay dung va tham dinh phuong phéap
sac ky léng hiéu nang cao pha dao (RP-HPLC) véi dd nhay, tinh chinh xac cao nhung don gian,
hiéu quéa va kinh té dé dinh luong oxaliplatin tai trén véat liéu ZIF-8. Phuang phap: Nhiéu diéu
kién sac ky khac nhau d& dugc khao sat dé dinh lugng chinh xac oxaliplatin nap vao ZIF-8. Phuong
phap HPLC cudi cing dugc tham dinh theo hudng dan clia Hoi déng hai hoa hoa cac yéu cau ky
thuat déi véi dugc phadm dung cho ngudi (ICH). Két qua: Viéc tach sac ky duagc thuc hién trén cot
RP-C18 (250 x 4,6 mm, 5 um) bang ché do rira gidi dang dong véi pha déng methanol-nudc (ty 1&
1:1), t6c d6 dong 0,8 mL/phut. Tin hiéu dugc ghi nhan bang dau do PDA tai budc séng 230 nm.
Phuong phép da dugc ching minh tinh pht hop théng qua tham dinh cac chi tiéu: tinh dac hiéu,
tinh tuyén tinh, d6 chinh xac, d6 diing, khoang xac dinh va do tho. Tinh tuyén tinh dugc xac nhan
trong khodng néng dé 0,1-1,5 mg/mL, véi hé s tuong quan (R?) dat 0,9994. Bd chinh xac ndm
trong khoang 98,79% - 99,71% (trung binh 99,16%) va do léch chudn tuong déi (RSD) 1a 0,48%. Két
luén: Phuong phap RP-HPLC da tham dinh la cong cu phan tich déng tin cay dé xac dinh luong
thudc tai ciing nhu hiéu sudt giai phong oxaliplatin clia ZIF-8. Két qua nay khdng chi dong vai tro
thiét yéu trong viéc danh gia hé van chuyén thuéc ma con hé trg kiém soat chinh xac dic tinh hé
van chuyén thuéc, gop phan thic ddy su phat trién clia cac ing dung trong nghién clu hé van
chuyén thudc tuong ai.

Tur khoa: Oxaliplatin, HPLC, dinh lugng, véat liéu ZIF-8, hé van chuyén thudc
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