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TOM TAT

XAC PINH PONG THOI TETRACYCLINE, PENICILLIN G VA CEPHALEXIN
TRONG CAC DANG BAO CHE KHAC NHAU BANG MO HINH HOI QUY bA
BIEN DUA TREN PHO UV TOAN PHAN

Nghién cizu nay trinh bay phuong phap phdn tich nhanh, don gidn va hi¢u qUa dira trén dir liéu quang pho
UV toan phan két hop véi mé hinh hoi qui tuyén tinh da bién da dwoc phét trién va xac nhdn gid tri s dung
dé xdc dinh tetracycline (TET) penicillin G (PGP) va cephalexin (CEX) trong cac dang thusc khang sinh
vién nén, sir dung nén mau gid duwoc (placebo) chiza cac chat phan tich va nén mau thuc ¢ chira mgt chadt
phan tich va thém 2 chdt con lgi. Khoang nong dg tuyén tinh cua TET, PGP va CEX lan heot 1a 12-28
ug/mL, 7-20 ug/mL va 5-18 ug/mL, véi gid tri budc song cuee dai lan heot la 276 nm, 290 nm va 262 nm. Dé
xde dinh dong thoi TET, PGP va CEX, mdu thudc duoc nghién nhé, hoa tan trong mieéc cat 2 lan, rung siéu
am va do phé UV cua c4c chat phan tich trong khodng tir 230 dén 350 nm véi cac khodng A4 = 2 nm ¢ 61
buéc song. B¢ mdu ding dé luyén md hinh gom 31 mdu chiza ba thanh phan (cd mau thiong mai chiza 1
chat va mdu thém chudn) va bé mau kiém tra gom 9 mdu da dwoc sir dung. Di liéu d hdp thu quang két
hop vdi cac thudt todn hoc may (bao gom hei quy thanh phan chinh (principal component regression), binh
phirong toi thiéu ting phan (partial least squares), cay quyét dinh (decision tree), ring ngdu nhién (random
forest) va su két hop cia hai trong sé cac thugt toan nay), da duwoc phét trién Va toi wu héa d@é xac dinh mo
hinh pht hop nhdt. Céc két qua tot nhdt dat duwoc bang céach sir dung thugt toan PLS, véi can bdc hai cia sai
S0 trung binh binh phwong (RMSE) tir 0,682 dén 1,132 va hé sé xdc dinh gida két qud ham lirong Xéc dinh
theo mo hinh va két qua ding tir gid tri chizng nhdn trén bao bi cia hang ciing nhw két qua phan tich bang
phirong phdp HPLC dat tir 0,75 dén 0,88. Md hinh PLS t6i wu di duwoc &p dung thanh céng dé phan tich
dong thoi TET, PGP va CEX trong mdu diroc pham cho két quda phu hop (d6 thu hai tir 81,0% dén 110,9%
va d¢ chum khi phan tich Iap lai dat RSD < 2%) véi két qua xdc dinh theo phirong phdap HPLC qui dinh boi
Duoc dién Viét Nam.
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1. INTRODUCTION are among the three major antibiotics groups used

. . - for veterinary purposes, human therapy, and
Tetracyclines  hydrochloride,  penicillin G agricultural pUrposes 1. Tetracyclines

procaine, and cephalexin monohydrate (Figure 1) hydrochloride (TET) chemically
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(4S,4aS,5aS,6S,12aR)-4-(dimethylamino)-
1,6,10,11,12a-pentahydroxy-6-methyl-3,12-dioxo-
4,4a,5,5a-tetrahydrotetracene-2-carboxamide
hydrochloride, is an antibiotic which belongs to
the group of tetracyclines. It is a broad-spectrum
antibiotic  produced semisynthetically from
chlortetracycline, an antibiotic isolated from the
bacterium Streptomyces aureofaciens. It is used to
treat urinary tract infections, acne, gonorrhea, and
other conditions [2]. Penicillin G Procaine (PGP),
chemically (2S,5R,6R)-3,3-dimethyl-7-0x0-6-(2-
phenylacetyl)amino-4-thia-1-
azabicyclo(3.2.0)heptane-2-carboxylic acid,
belongs to the group of B-lactam antibiotics [3].
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Penicillins  constitute about 50% of the
antimicrobial agents currently in use and they are
the first choice drugs in the treatment of
nosocomial infectionst™*!. Cephalexin
monchydrate (CEX), chemically (7R)-7-(D-a-
Amino-a-phenylacetamido)-3-methyl-3-cephem-
4-carboxylic acid hydrate or (6R,7R)-7-{((2R)-2-
amino-2-phenylacetyl)amino}-3-methyl-8-o0xo0-5-
thia-1-azabicycio(4.2.0)oct-2-ene-2-carboxylic
acid hydrate, is a first-generation cephalosporin
antibiotic[4]. It is used in the treatment of
susceptible infections of the respiratory tract,
urinary tract, and skin.
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Figure 1. Chemical structures of three antibiotics, including tetracycline hydrochloride, penicillin G
procaine, and cephalexin

TET, PGP, and CEX and most other active
pharmaceutical compounds dosage form are
officially listed in the Vietnamese Pharmacopoeia
as high-performance liquid chromatography
(HPLC)[5]. Howerver, in order to meet the need
for rapid analysis in production processing with a
single measurement, the full- UV spectrum
method proves to be quite effective. To overcome

the difficulties related to matrix effects,
chemometrics-assisted  methods were also
developed for the simultaneously

spectrophotometric analysis of several active
compounds in pharmaceutical dosage forms
without any pretreatment such as determination of
ciprofloxacin and doxycycline hyclate [6],
simultaneous determination of two antibiotics in
tablets [7] or certain p-lactam antibiotics
combinations [8].

The application of chemometrics, particularly
multivariate calibration methods, is recently an
important role in the multicomponent analysis of
mixture [9]. Multivariate calibration methods,
such as principal component regression (PCR) and
partial least squares (PLS), have been used to
analyze spectra data without the use of separation
technique [10,11], which provide a cheap, fast and
simple method for detecting active compound in
pharmaceutical mixtures. In this study, one
analytical procedure was established for
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simultaneous determination based on UV-Vis
spectrometry coupled with several multivariate
linear regress solved by Python — an open
language programme to quantify three antibiotics,
including TET, PGP, and CEX, in laboratory-
prepared synthetic and pharmaceutical mixtures.
This study also provided a universally analytical
procedure for determining the three antibiotics in
their pharmaceutical forms without the need for
optimization for each analyte.

2. EXPERIMENTALS
2.1. Apparatus and Software

Spectrophotometric measurements were
performed on a UV-1601PC (Shimadzu)
connected to a computer loaded with UV-Win PC
software. All absorption spectra were saved and
subsequently exported UV-Win software to
Microsoft Excel program  for  statistical
manipulation. Python 3.9.7 was utilized on the
Windows 11 system equipped with a 2.4 GHz
Intel Core i5-1135G7 processor was employed to
establish a multivariate linear model for
concentration determination of each antibiotic.

2.2. Reagents and Samples

The  primary standard of  tetracycline
hydrochloride (TET), penicillin G (PGP), and



cephalexin - m(CEX) (purity > 99.9%) were
obtained from the National Institute of Drug
Quality Control (Hanoi, Vietnam). Double
distilled water was used throughout the study. The
commercial samples containing of one antibiotic
with and without adding two other components
were used for calibration, validation set. The
samples were purchased from pharmacies in
Hanoi, Vietnam.

2.3. Preparation of stock and working Standard
Solutions

Standard stock solutions of tetracycline
monohydrate, penicillin G  procaine, and
cephalexin  monohydrate were prepared by

dissolving the appropriate amounts of each
analytical reagent in pure water to get a
concentration of 200 pg/mL. The solutions were
stored and protected from light at 4°C. Working
standard solutions were prepared daily by
appropriate dilution in HCI medium.

Suitable aliquots of the stock standard solutions of
TET, PGP, and CEX were diluted with distilled
water to obtain concentration. The mixture of the
three components was also prepared in a
concentration of 25 pg/mL. These solutions were
then scanned in the range of 230 nm — 350 nm.

2.4. Construction of Training Set and Test Set

The linear concentration ranges of TET, PGP and
CEX in UV spectrophotometry were 12-28
pg/mL, 5-18 pg/mL and 7-20 pg/mL, respectively.
Absorbance maximum values were recorded at A
max of each drug (276nm for TET, 290nm for
PGP, and 262nm for CEX) against distilled water
as a calibration blank.

The training and validation mixtures were
prepared by combining sets of working standard
solutions and commercial pharmaceutical samples
certified by manufactures in the linear range of
concentrations. Each solution contained three of
TET, PGP, and CEX (available and spiked) in
different ratios in their concentration linearity
ranges. Five concentration levels of each analyte
were chosen to construct both training and
validation sets. A total set of 31 mixtures and 12
mixtures were independently prepared for training
and validation sets, respectively.

The absorption spectra of all mixtures were
recorded over the range 230-350nm with a 2nm
interval.

25. Analysis  of
formulations

the  pharmaceutical
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Five tablets were accurately weighed and finely
powdered. Tablet powder equivalent to TET (250
mg), PGP (150 mg), and CEX (120 mg) was
accurately weighed and transferred into a 100 mL
volumetric flask, and 50 mL of distilled water was
added. The solution was well shaken and
ultrasonicated for 15 min. Then, the solution was
filtrated in a 100 mL volumetric flask through a
filter paper. The residue was washed three times
with 10 mL water, and the volume was adjusted
volume with water to 100 mL. The stock solutions
then were diluted with the solvent to obtain the
appropriate  working sample solution for UV
measurements at the specified range.

2.6. Accuracy Study

The accuracy of the method was evaluated as the
percent recovery by the standard addition method
at three levels: 80, 100, and 120% of the known
concentration of the analyte in the sample. Known
amounts of the standard solutions of TET, PGP,
and CEX were spiked into the sample solution,
and the resulting solutions were scanned in the
range of 230 — 350 nm. The accuracy of the
method was assessed based on the percent
recovery of the added amounts of the standard to
the previously analyzed samples. The developed
method was validated according to the
International Conference on Harmonization (ICH)
guidelines.

3. RESULTS AND DISCUSSION

3.1. Multivariate Calibration Analysis
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Figure 2. The representative UV absorption
spectra of TET (blue line), PGP (red line), CEX
(green line), and their mixture (magenta). The
spectra were recorded from 230 to 400 nm.

The UV absorption spectra of TET, PGP, CEX and
their mixture in standard solution are given in
Figure 2. The absorbance spectra which showed a
significant overlap were recorded between 230 and
350 nm. TET showed high absorbance from 350
nm to 380 nm while both PGP and CEX did not



absorb light at these wavelengths. Thus, to avoid
the bias of constructed multivariate model, only UV
absorbance data between 230 and 350 nm was
selected to build the multivariate linear regression.

Laboratory synthetic mixtures in training and
validation sets (Table 1) (including principle
component regression (PCR), partial least squares
(PLS), decision tree (DT), random forest (RF) and
combined two of them) were used in the analysis
to prove the suitability of the calibration model for
the determination of TET, PGP, and CEX in
pharmaceutical samples. To select the optimum
number of principal components for PCR and PLS
models, a cross-validation method was used for
the training set. The predictive abilities of the
models were evaluated by the root-mean-square
error of cross-validation (RMSECV), root-mean-
square error of prediction (RMSEP), and
coefficient of determination (R?) (Table 1). In the
cross-validation method, the same set of mixtures
used for both model training and testing. The
model was then validated by prediction of
concentration of analytes in a sample set which
was not used for the model development. In
contrast, RMSEP calculated from the validation
set was the estimated prediction calibration error
that accurately reflected all sources of variability
in the calibration method. In general, the values of
RMSECV and RMSEP—had to be as low as
possible while R? value should be as close as 1 for
an accurate model. Coefficient of determination
(R?) values of validation set, obtained for each
antibiotic in mixtures by PLS models, were from
0.756 to 0.887, which shows good predictive
abilities of the models whereas other models
exhibited overfitting in the results (R*=1 and
RMSE=0) due to the limited number of samples.

Table 1. Results of the training set and validation set

TET PGP CEX

Model | Datatype [— RMSE | R? RMSE | R® | RMSE

PCR |Validation | 0.843 1.332 0.822 0.795 0.843 0.776

PLS |Validation| 0.887 1.132 0.869 0.682 0.756 0.966

Random-
Forest |Validation| 0.921 0.946 0.25 1.634 0.473 1.422
(RP)

Decision

Tree (DT) Validation | 0.921 0.946 0.25 1.633 0.473 1.422

PCA-RF | Validation| 0.659 1.968 0.105 1.784 0.791 0.894

PCA-DT | Validation | 0.331 2.756 -1.359 2.898 0.271 1.673

PLS-RF |Validation| 0.518 2.339 0.329 1.545 0.725 1.027

PLS-DT | Validation | -0.267 3.794 -0.797 2.529 0.27 1.673

3.2. Accuracy

The validation of the optimized model was
examined by the standard addition technique at

80%, 100%, and 120% of the test concentration.
The percent recoveries range from 91.6% to
132.7% (Table 2) with n = 3. Both TET and PGP
do not had a good recovery, which might be
caused by the interference of excipients in
pharmaceutical products. These excipients could
absorb the wavelength from 230 nm to 350 nm;
thus, it was necessary to include a sample
treatment step to remove the interferences for
accurate TET and PGP detection. Otherwise, the
percent recovery of CEX, from 91.6% to 110.6%,
indicated that there was minimal interference of
excipients included in pharmaceutical products to
the CEX detection.

Table 2. Accuracy data of TET, PGP, and CEX by
PLS model

Antibiotic TET PGP CEX

Level (%) 80 | 100 | 120 | 80 | 100 | 120 | 80 | 100 | 120

Amount
(availableand [136| 17 |204( 72 | 9 |108|48 | 6 |72
taken) (pg/mL)

Predicted
amount (ug/mL)

% Recovery | 116 | 117 | 131 | 122 | 121 | 133 | 99.6 | 91.6 | 112
%RSD 27 32138 [15(09 )22 |21 |47 |74

158(19.9|26.7| 88 | 108|143 | 48 | 55 8

The intraday precision of the method was
examined by repeating the assay of four replicate
dilutions of the same concentration. The results
that the percent relative standard deviations were
all below 2% and the recovery ranged from 97-
101% and showed good accuracy of the method.

3.3 Analysis of Tablet Formulation

The developed method was applied to determine
TET, PGP, and CEX in laboratory-prepared
mixtures of their pharmaceutical doses and
comercial products. The assay result of CEX
detection showed a good agreement with the
concentration taken for the formulation. On the
other hand, the results of TET and PGP detection
showed around a 10% difference with the label
concentration. This revealed that the sample
matrices and/or excipients significantly interfered
with the quantification of TET and PGP. As the
discussion above, it was necessary to include an
extra sample treatment step for accurate detection.

The developed analytical procedure was much
easier than the HPLC method listed in
pharmacopoeias>® for determining three
antibiotics. This method used a cheap solvent,
distilled water, and a simple instrumental, UV-Vis
spectrometer. It showed that all three antibiotics
could successfully be quantified, especially CEX.
Because of the interference of excipients, it is
required a sample treatment step for the accurate
detection of TET and PGP.



Table 3. Assay results of TET, PGP, and CEX in
laboratory-prepared commercial mixtures by
developed PLS methods (n = 3).

Amount Founded
recorded (mg Error
Sample | Analyte in drug ftabletx | (%)
label sD)
(mg/tablet)
206.9 +
TET 250 31 -17.2
Individual | PGP 150 1211'2" * | 190
120.0 £
CEX 120 14 0.0
2389 +
TET 250 3. -4.4
Syr_1thet|c PGP 150 166.4 + 10.9
mixture 1.3
1171+
CEX 120 13 -2.4

4. CONCLUSION

This environmentally friendly method eliminatesd
the use of organic solvents in both sample
preparation and analysis. Utilizing water as a
solvent and a UV-Vis spectrometer, it offered
significant advantages in resource-limited areas.
When combined with machine learning models, it
enabled the simultaneous determination of
tetracycline, procaine  benzylpenicillin, and
cephalexin with minimal sample pretreatment,
ensuring rapid, accurate, and economical analysis.
The PLS algorithm with the lowest error value
was selected to evaluate the recovery. The
recovery results showed that there was no
influence of the presence of excipients in the
pharmaceutical formulation. This method can thus
be used to replace other complicated and costly
methods in the case of limited resources.
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