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A B S T R A C T

The 2-((4-(chloromethyl)benzoyl)oxy)benzoic acid (4CH2Cl) is a potential analgesic compound derived from 
salicylic acid and 4-chloromethyl benzoyl chloride. Characterization required 4CH2Cl for the formulation of 
tablet dosage forms. This study aims investigate the effect of SSG, PVP-K30, and the combination of SSG*PVP K- 
30 on the formulation of 4CH2Cl tablets. Additionally, this study aimed to obtain the optimum 4CH2Cl tablet 
composition. The experiment followed the two-factor simplex lattice design and direct compression method. The 
analgesic activity of 4CH2Cl in the optimal tablet was investigated using the hot-plate methods. The ANOVA of 
linear models is acceptable and the polynomial coefficients of quadratic models are similar to those of linear 
models. The coefficient of the linear model shows that SSG and PVP K-30 increase the Carr index (16.26; 20.61), 
Hausner ratio (1.19; 1.29), hardness (4.19; 9.39), friability (0.48; 0.67), disintegration time (0.34; 7.50), and 
drug release (85.29; 97.69). The coefficient of the quadratic model shows that SSG*PVP K-30 increased the Carr 
index (1.90), Hausner ratio (0.04), hardness (1.88), friability (0.06), and drug release (4.56), and decreased 
disintegration time (− 0.30). SSG and PVP K-30 increased Carr index, Hausner ratio, hardness, friability, disin-
tegration time, and drug release. The combination of SSG*PVP K-30 has the same effect, except that the disin-
tegration time decreased. The optimum tablet formula is 4CH2Cl (300 mg), Ne (75 mg), SSG (33.60 mg), PVP K- 
30 (22.40 mg), MCC (40 mg), and SDL (up to 800 mg). 4CH2Cl tablets can be a candidate and choice for new 
analgesic drugs in the future.

1. Introduction

4CH2Cl is a salicylic acid derivative originating from salicylic acid 
and 4-chloromethyl benzoyl chloride. 4CH2Cl has analgesic potential 
and relatively low gastric ulceration side effects [Sugiarno, 2016; 
Tamayanti et al., 2016]. Tablets are the best choice for obtaining the 
solid 4CH2Cl compound with an exact measurable dosage and relatively 
simple administration (mainly orally). Caroline and colleagues have 
reported the Pharmacokinetic parameters of this compound, namely: 
maximum concentration in blood plasma (Cmax 0.53 μg/mL), time to 
reach maximum concentration in blood plasma (tmax 16.91 min), elim-
ination rate (Kel. 0.02 min− 1), time is eliminated in half (t1/2 el. 41.72), 
and partition coefficient (log P 3.73). The 4CH2Cl powder is white and 
forms aggregates when stored at ambient temperature (Sugiarno, 2016; 
Tamayanti et al., 2016).

The novelty of this study is in characterizing and formulating 4CH2Cl 

as a new analgesic compound in tablet dosage form using excipients that 
match the characteristics of the 4CH2Cl. The crucial excipients are in-
sulators, disintegrants, and solubilizers. Neusilin (Ne) is insulating agent 
is used to prevent 4CH2Cl particle aggregation. Sodium starch glycolate 
(SSG) is a disintegrant that increases the tablet’s ability to disintegrate 
into granules or powders, supporting the dissolution process during oral 
administration. SSG is a relatively affordable and easily obtained dis-
integrating agent. Additionally, SSG particles are round, and the surface 
morphology is smooth (Hadinugroho et al., 2022b; Sheskey et al., 
2017)]. These characteristics are very supportive for making tablets by 
direct compression. The action of SSG involves particles swelling when 
hydrated, thereby pushing the surrounding particles to separate from 
each other (Hadinugroho et al., 2022b; Markl and Zeitler, 2017). PVP 
K-30 is a solubilizer that increases the solubility of 4CH2Cl by reducing 
the difference in polarity between the media and 4CH2Cl particles, thus 
reducing the lipophilicity of 4CH2Cl. A low concentration of PVP K-30 
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significantly increases the solubility of 4CH2Cl. PVP K-30 is easily sol-
uble and forms a gel before dissolving. PVP K-30 particles have a smooth 
surface morphology, supporting the manufacture of tablets by direct 
compression. Additionally, PVP K-30 is a potent solubilizer, making it 
effective and efficient (Kurakula and Rao, 2020; Sheskey et al., 2017). In 
general, the current manuscript presents an adjustment on the formula 
from previous studies on 2-((3-(chloromethyl)benzoyl)oxy)benzoic acid 
(3CH2Cl) tablets, using tablet excipients with characteristics adjusted to 
4CH2Cl to make it more effective and efficient (Hadinugroho et al., 
2022a; Hadinugroho et al., 2022a), Based on the yield synthesis 
experiment, 4CH2Cl is more abundant than 3CH2Cl, which suggests that 
4CH2Cl could be more economical for mass production in tablet dosage 
form.

This study aimed to investigate the effect of SSG, PVP-K30, and the 
combination of SSG*PVP K-30 on the formulation of 4CH2Cl tablets. 
Additionally, this study aimed to obtain the optimum 4CH2Cl tablet 
composition. The experiment followed a two-factor simplex lattice 
design. The optimization factors are the concentration of SSG and PVP 
K-30. The optimization responses are the Carr index, Hausner ratio, 
hardness, friability, disintegrating time, and drug release. The optimi-
zation response and the optimum formula are analyzed using optimi-
zation software. The optimum tablet was used to test analgesic activity 
with a hot plate. This study can provide a new choice of analgesic 
tablets.

2. Material and methods

2.1. Raw materials and chemicals

The quality of the materials used in this study was analytical grade 
(p.a), pharmaceutical grade (p.g), and food grade (f.g). Salicylic acid (p. 
g.) (PT. Brataco, Indonesia), 4-chloromethyl benzoyl chloride (p.a.) 
(Sigma-Aldrich, GmbH, USA), pyridine (p.a.) (Merck KgaA, Darmstadt, 
Germany), neusilin (p.g.) (Gangwal Chemicals, India), sodium starch 
glycolate (p.g.) (JRS Pharma, India), polyvinyl pyrrolidone K-30 (BASF 
Corp., Germany), microcrystalline cellulose (p.g.) (Flocel 102, Gujarat 
Microwax PVT. LTD, India), spray-dried lactose (p.g.) (Foremost Farm, 
USA), sodium hydroxide (p.a.) (Merck KgaA, Darmstadt, Germany), 
potassium dihydrogen phosphate (p.a.) (Merck KgaA, Darmstadt, Ger-
many), ethanol (p.a.) (Merck KgaA, Darmstadt, Germany), and distilled 
water (f.g.) (Brataco Chemical, Indonesia).

2.2. Synthesis of 4CH2Cl

The synthesis of 4CH2Cl adopts the previously described methods 
(Caroline et al., 2019b; Hadinugroho et al., 2022a; Tjahjono et al., 
2021). Salicylic acid (1.8 mmol) and 4-chloromethyl benzoyl chloride 
(7.2 mmol) were mixed in an Erlenmeyer flask. Pyridine (1.7 x 10− 6 

mmol) and acetone (14.8 x 10− 6 mmol) were added to form a wet mass 
of 4CH2Cl. This mixture was then irradiated with microwaves for 5 min 
using a Millstone Organic Synthesis Unit (MicroSYNTH) to produce solid 
4CH2Cl. Unreacted salicylic acid was identified using ferric chloride 
(FeCl3) and precipitated with ethanol-water to separate and purify the 
4CH2Cl compound. The 4CH2Cl was characterized by Fourier transform 
infrared (FTIR), nuclear magnetic resonance (NMR), thin-layer chro-
matography (TLC), UV spectrophotometry, and melting point analysis.

2.3. Fourier transform infrared spectroscopy

The structure of 4CH2Cl was analyzed by Fourier transform infrared 
spectroscopy (UATR PerkinElmer Spectrum Version 10.4.3), and 
recorded at a wave number of 4000-450 cm− 1.

2.4. Nuclear magnetic resonance

1H and 13C NMR of 4CH2Cl was analyzed by liquid state NMR 

spectroscopy (JEOL RESONANCE 500 MHz, Japan) with acetone as 
solvent.

2.5. Thin layer chromatography

The 4CH2Cl (50 mg) was dissolved in ethanol (50 mL) and spotted (5 
μL) on a 60 F254 silica gel plate (Merck, Germany) as the stationary 
phase. The plate was eluted in the chamber containing the saturated 
mobile phase. The mobile phase (v/v) used was ethyl acetate: ethanol 
(2:1); n-hexane: ethanol (1:2); and chloroform: methanol (4:1). The dry 
plate was observed with a UV lamp at 254 nm to determine the spot and 
the retention value (Rf). SA and 4-chloromethyl benzoyl chloride were 
used as a comparison.

2.6. Spectrophotometer

The wavelength of 4CH2Cl by spectrophotometer determined the 
4CH2Cl. A solution of 4CH2Cl in ethanol (20 g/mL) was observed with a 
UV–VIS spectrophotometer (Hitachi U-1100, Jepang) at 200–400 nm 
and determined the maximum wavelength.

2.7. Melting point

The melting point of 4CH2Cl was determined using an Optimelt MPA 
100 apparatus (USA). The temperature was set from 140 ◦C to 170 ◦C at 
a rate of 1 ◦C per minute. Approximately 2 mm of 4CH2Cl powder was 
placed in a capillary tube, which was then inserted into the melting 
point apparatus, and the melting point was recorded.

2.8. Tablet manufacturing

The tablet formulation contained 4CH2Cl (300 mg), Ne (75 mg), 
MCC (40 mg), and SDL (up to 800 mg). Table 1 presents the PVP K-30 
and SSG quantities, with a production capacity of 120 g tablet mass or 
150 tablets. 4CH2Cl and Ne were mixed homogeneously in a mortar and 
pestle. The other ingredients (SSG, PVP K-30, MCC, and SDLwere added 
and blended in a cubic mixer (Erweka, Germany) at 100 rpm for 2 min. 
The mixture’s compressibility was assessed, and the tablet mass was 
compressed into 800 mg tablets using a single-punch tablet press (Jenn 
Chian Machinery, Taiwan). The tablets were evaluated for hardness, 
friability, and disintegration time. A dissolution test was conducted to 
determine drug release.

The selection of the dose of 4CH2Cl 300 mg per tablet follows the 
dose of 3CH2Cl tablets, which is a salicylate derivative that has been 
reported previously in previous experiments (Hadinugroho et al., 
2022a). Pharmacokinetic data of Cmax and Kel in rats show similarities 
between 4CH2Cl and 3CH2Cl. 4CH2Cl has a Cmax of 0.53 μg/mL and Kel 
of 0.020 min− 1, while 3CH2Cl has a Cmax of 0.57 μg/mL and Kel of 0.018 
min− 1 (Caroline et al., 2019a; Sugiarno, 2016). Dose calculations were 
also performed and presented in the supplementary material Chapter S1.

2.9. Compressibility

Tablet mass was placed in a known-weight 100 mL measuring tube, 
and the initial weight was recorded. The tube was placed on a tapped 

Table 1 
The detailed composition of each formula.

Material Ta Tb Tc To

4CH2Cl [mg] 300.00 300.00 300.00 300.00
Ne [mg] 75.00 75.00 75.00 75.00
MCC [mg] 40.00 40.00 40.00 40.00
SSG [mg] 40.00 32.00 24.00 33.60
PVP K-30 [mg] 16.00 24.00 32.00 22.40
SDL [mg] 329.00 329.00 329.00 329.00
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density volumeter (Erweka, Germany) and tapped 500 times. Volumes 
before and after tapping were recorded to calculate bulk density (Bd) 
and tapped density (Td). The Carr index and Hausner ratio were 
calculated using Equations (1) and (2), respectively (Aulton and Taylor, 
2017; Hadinugroho et al., 2022b). 

Carr index [%] =
Td − Bd

Td
x 100% Equation 1 

Hausner ratio=
Td
Bd

x 100% Equation 2 

2.10. Hardness

Hardness was tested on six randomly selected tablets using an 
hardness tester (Erweka, Germany). Tablets were horizontally pressed 
with a metal block until they cracked, and the hardness was displayed on 
the apparatus monitor (Aulton and Taylor, 2017; The United States 
Pharmacopeial Convention, 2018).

2.11. Friability

Several tablets (10) were taken randomly because the weight per 
tablet was more than 650 mg or the total weight of 10 tablets was more 
than 6500 mg. Each tablet was dust-free, and selected tablets were 
weighed (W). All tablets were placed and rotated on a drum friability 
tester (Erweka, Germany) (25 rpm, 4 min). Each tablet was dust-free 
again and weighed (W’). Friability is determined according to Equa-
tion (3) (Aulton and Taylor, 2017; The United States Pharmacopeial 
Convention, 2018). 

friability [%] =
W − Wʹ

W
100% Equation 3 

2.12. Disintegration time

Six tablets were randomly selected from 18 tablets (Aulton and 
Taylor, 2017; The United States Pharmacopeial Convention, 2018). The 
tablets were placed in each holder of the disintegration tester (Erweka 
Z3, Germany). The tube moves reversibly vertically in the distilled water 
medium chamber (37 ◦C; 900 mL). The longest time, where the tablets 
disintegrated completely from 6 tablets in the holder, is defined as the 
disintegration time.

2.13. Dissolution

The tablets were dissolved using 900 mL of phosphate buffer medium 
pH 6.8 (37 ± 0.5 ◦C; 50 rpm). The test was carried out using the basket 
method for 60 min (Bertocchi et al., 2005; Hadinugroho et al., 2022a; 
The United States Pharmacopeial Convention, 2018; Zupančič-Bozič 
et al., 1997). The concentration of dissolved 4CH2Cl was determined by 
UV–VIS spectrophotometer (Hitachi U-1900, Japan) with a wavelength 
of about 242 nm.

2.14. Optimization of 4CH2Cl tablets

The optimization method used is a two-factor simplex lattice. We 
investigated the optimal concentration of SSG (24–40 mg) and PVP K-30 
(16–32 mg). The optimization responses are the Carr index, Hausner 
ratio, hardness, friability, disintegrating time, and drug release. Pre-
liminary experiments with a comparison of SSG (mg) and PVP K-30 (mg) 
were Ta (40:16), Tb (32:24), and Tc (24:32). Response processing using 
optimization software (Design Expert ver 10) and statistical analysis 
using ANOVA linear and quadratic model approaches (Hadinugroho 
et al., 2022a).

2.15. Release kinetics of 4CH2Cl from tablets

The release kinetics of 4CH2Cl tablets from three formulas were 
analyzed by DDSolver software. The release kinetics model used is 
Higuchi, Korsmeyer-Peppas, and first order (Equations (4)–(7)) (Craciun 
et al., 2019; Kaleemullah et al., 2017; Panotopoulos and Haidar, 2018; 
Wahab et al., 2011): 

First order : ln Ct = ln Co + Ko.t Equation 4 

Ct: drug dissolved at time [g], Co: initial drug [g], and Ko: constant drug 
release [h− 1]. 

Higuchi : Ct = KH.
̅̅
t

√
Equation 5 

Ct: drug dissolved at time [g], KH: Higuchi constant [g/h1/2], and t: time 
[h]. 

Korsmeyer − Peppas : Ct/C∞ = KK. tn Equation 6 

Ct/C∞: released drug fraction [g], Kk: Korsmeyer-Peppas constant [g.h], 
and n: diffusion exponential. 

Weibull : log[ln − (1 − m)] = b log(t − Ti) − log a Equation 7 

(1-m): insoluble drug portion [g], Ti: lag time before dissolution, a: 
initial drug [g], b: parameter of curve slope.

2.16. Animal models and analgesic activity

Nine male BALB/C mice (1–2 months old; 20–25 g) were sourced 
from the Pharma-Veterinary Center of Surabaya, Indonesia. The mice 
were kept in a room with controlled temperature (20–24 ◦C) and 65% 
relative humidity, on a 12-h light/dark cycle. They were acclimatized 
for 7 days before the study began. All animal procedures followed 
Institutional Animal Care and Use Committee (IACUC) guidelines and 
received ethical approval by preclinical ethic committee Faculty of 
Veterinary Sciences, Gadjah Mada University, Yogyakarta-Indonesia No. 
001/ECFKH/Eks/2022. The mice had free access to food and water 
throughout the 24-day period, including the acclimatization phase, with 
temperature recorded twice daily. The mice were assigned to three 
groups (n = 3 per group): control (untreated), ASA (Comparison), and 
4CH2Cl (“To” group). ASA (Bayer, Leverkusen, Germany) or 4CH2Cl was 
given orally at a single dose of 60 mg/kg B, based on previously pub-
lished methods (Tjahjono et al., 2024). The untreated groups were given 
3% Pulvis Gummi Arabicum as a placebo. Analgesic activity experiment 
using the writhing test method. Pain induction was created by intra-
peritoneal injection of 0.6% acetic acid (0.01 mL/g body weight), ac-
cording to previously published methods (Caroline et al., 2019a; 
Tjahjono et al., 2021). The successful induction response of pain in-
duction was demonstrated by the mice writhing, which was observed for 
10 min.

3. Result

3.1. 4CH2Cl synthesis reaction mechanism

4CH2Cl synthesis reaction mechanism are presented in Fig. 1. The 
reaction begins with the attack of pyridine on Cl on 4-chloromethyl 
benzoyl chloride. Cl− is released and pyridine binds to 4-chloromethyl 
benzoyl chloride (a). The compound created is more electrophilic than 
4-chloromethyl benzoyl chloride. OH on the phenolic of SA attacks the C 
atom at C=O of the compound and bonds to create a new compound (b). 
The pyridine ion is released and bonds with Cl− , called pyridine chlo-
ride. Simultaneously, the H atom at OH of the phenolic comes from SA is 
released so that the O atom loses an electron and bonds with the C atom 
at C=O of 4-chloromethyl benzoyl chloride, which loses an electron (c). 
The O atom at C=O, which comes from 4-chloromethyl benzoyl 
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Fig. 1. 4CH2Cl synthesis reaction mechanism.

Fig. 2. FTIR spectrum of 4CH2Cl and SA. The presence of the ester carbonyl group (C=O) and C-Cl in 4CH2Cl is a specific group and is not present in SA.
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chloride, gains an electron so that a double bond occurs and 4CH2Cl is 
created (d).

3.2. Fourier transform infrared spectroscopy

The infrared spectra of 4CH2Cl and SA are shown in Fig. 2. The 
4CH2Cl spectra showed the carbonyl ester peak (C=O) appeared at a 
wavelength of 1738.32 cm− 1 and the carboxylate peak (C=O) appeared 
at 1682.37 cm− 1. The peak of C-O appears at wavelengths 1309.45 
cm− 1, 1264.38 cm− 1, and 1201.42 cm− 1. The peak of C-Cl appears at a 
wavelength of 706.58 cm− 1. The SA spectra showed the carboxylate 
peak (C=O) appeared at 1658.14 cm− 1. The peak of C-O appears at 
wavelengths 1295.17 cm− 1, 1249.16 cm− 1, and 1210.21 cm− 1

3.3. Nuclear magnetic resonance

The NMR analysis was performed as a follow-up infrared analysis to 
confirm the success of the synthesis. The NMR spectra of 4CH2Cl are 
shown in Fig. 3. The 1H NMR spectrum of 4CH2Cl shows C-H peaks at δ 
= 8.145 ppm (14), δ = 8.078 ppm (1), δ = 7.565 ppm (5.10), and δ =
7.635 ppm (6)(11)(13). CH-Cl peaks at δ = 4821 ppm (15).

The 13C NMR spectra of 4CH2Cl show a carbonyl ester peak (C=O) at 
δ = 164.482 ppm (8); carboxylate peak (C=O) at δ = 165.026 ppm (7); 
C-Cl peak at δ = 45.157 ppm (15). C-H peak at δ = 151.96 ppm (3); δ =
143.592 ppm (11); δ = 133.934 ppm (5)(12); δ = 131.865 ppm (1); δ =
130,482 ppm (13); δ = 129.986 ppm (9); δ = 129.881 ppm (10); δ =
129.004 ppm (14); δ = 126.220 ppm (6); and δ = 124.132 ppm (2)(4).

3.4. Thin layer chromatography

The chromatograph of 4CH2Cl, SA, and 4-chloromethyl benzoyl 

chloride is shown in Fig. 4. The Rf value of 4CH2Cl with ethyl acetate: 
ethanol (1:2) is 0.82(3)(4); n-hexane: ethanol (1:2) is 0.81 (3)(4); and 
chloroform: ethanol (4:1) is 0.86 (3)(4). The Rf value of SA with ethyl 
acetate: ethanol (1:2) is 0.80 (1); n-hexane: ethanol (1:2) is 0.72 (1); and 
chloroform: ethanol (4:1) is 0.69 (1). The Rf value of 4-chloromethyl 
benzoyl chloride with ethyl acetate: ethanol (1:2) is 0.95 (2); n-hex-
ane: ethanol (1:2) is 0.90 (2); and chloroform: ethanol (4:1) is 0.98 (2).

3.5. Spectrophotometer

The UV spectra of 4CH2Cl are shown in Fig. 5. Screening the 

Fig. 3. 1H and 13C NMR spectrum of 4CH2Cl. The presence of carbonyl ester group (C=O) (δ = 164.482 ppm) and C-Cl (δ = 45.157 ppm) are specific groups.

Fig. 4. Chromatogram of thin layer chromatography with multiple mobile 
phases. Spot 1 is SA, spot 2 is 4-chloromethyl, and spot 3, 4 is 4CH2Cl.
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maximum wavelength of the 4CH2Cl peak is about 242 nm. The 
maximum wavelength of SA is about 212 nm. The difference in 
maximum wavelength shows that the chemical structure of 4CH2Cl is 
different from that of SA.

3.6. Melting point

The melting point of 4CH2Cl is 157–159 ◦C. It is similar to the 
melting point of SA (158–160 ◦C).

3.7. Compressibility of 4CH2Cl tablets mass

Compressibility is determined as the ratio between the Carr index 
and the Hausner ratio. The values of each parameter for the three pro-
duced tablet masses are shown in Table 2. The value of the quadratic 
polynomial coefficient of the Carr index and Hausner ratio are PVP K-30 
(20.45) (1.29), SSG (16.10) (1.19), and SSG*PVP K-30 (1.90) (0.04). The 
ANOVA results from the Carr index and Hausner ratio of linear models 
are acceptable, and the polynomial coefficients of quadratic models are 
similar to those of linear models (Table 2).

3.8. The hardness of 4CH2Cl tablets

The hardness of 4CH2Cl tablets is presented in Table 2. The hardness 
of Tc tablets is higher than that of Ta and Tb tablets. Tablet hardness 
occurs due to the interlocking between the particles of the tablet mass. 
The value of the quadratic polynomial coefficient of PVP K-30 (9.23), 
SSG (4.03), and SSG*PVP K-30 (1.88). The ANOVA results from the 
hardness of linear models are acceptable, and the polynomial co-
efficients of quadratic models are similar to those of linear models 
(Table 2).

3.9. Friability of 4CH2Cl tablets

The friability is presented in Table 2. The most friable tablets are Tc, 
Tb, and Ta tablets. The value of the quadratic polynomial coefficient of 
PVP K-30 (0.66), SSG (0.47), and SSG*PVP K-30 (0.06). The friability 
ANOVA of the linear model was accepted, and the polynomial co-
efficients of quadratic models are similar to those of linear models 
(Table 2).

3.10. Disintegration time of 4CH2Cl tablets

The disintegration time of 4CH2Cl tablets is presented in Table 2. The 
value of the quadratic polynomial coefficient of PVP K-30 (7.75), SSG 
(0.59), and SSG*PVP K-30 (− 0.30). The disintegration time ANOVA of 
the linear model was accepted, and the polynomial coefficients were 
similar to that of the quadratic model (Table 2).

3.11. Dissolution of 4CH2Cl tablets

The release and dissolution profiles of 4CH2Cl are presented in 
Table 2 and Fig. 6. Dissolution data processing uses a standard curve for 
phosphate buffer pH 6.8 with equation Y = 0.1384 + 0.0714.X. The 
order of tablets with the highest release of 4CH2Cl was Tc, Tb, and Ta. 
The value of the quadratic polynomial coefficient of PVP K-30 (97.31), 
SSG (84.91), and SSG*PVP K-30 (4.56). The drug release ANOVA of the 
linear model was accepted, and the polynomial coefficients were similar 
to the quadratic model (Table 3).

3.12. Optimization of 4CH2Cl tablets

The experimental design followed a 2-factor simplex lattice (SSG and 
PVP K-30). The linear and quadratic statistical model predicts the effects 
of SSG, PVP K-30, and SSG*PVP K-30 (Table 3 and Supplementary 
Material Table S1). The ANOVA evaluated the acceptability of the linear 
model by considering the values of R-Squared, Adj R-Squared, Pred R- 
Squared, and Adeq Precision. The linear model is accepted if the R- 
Square and Pred R-Square have a difference of less than 0.2, Adeq 
Precision of more than 4, and R-Square is close to one. All optimization 
response parameters meet the specifications so that the coefficients are 
accepted. The coefficient quadratic model profile is similar to the linear 
model so that the combined coefficient of the two can be used to predict 

Fig. 5. UV spectra of 4CH2Cl. The maximum wavelength of 4CH2Cl is at 
242 nm.

Table 2 
Detail evaluate of tablets mass, tablets, and dissolution of 4CH2Cl.

Tablet SSG PVP K-30 Carr index Hausner ratio Hardness Friability Disintegrating time Drug release

Code [mg] [mg] [%] SD SD [kp] SD [%] SD [min.] SD [%] SD

Ta 40.00 16.00 16.10 0.13 1.19 0.01 4.03 0.04 0.47 0.10 0.59 0.10 84.91 0.92
Tb 32.00 24.00 18.75 0.28 1.25 0.01 7.10 0.07 0.57 0.11 1.37 0.09 92.25 0.53
Tc 24.00 32.00 20.45 0.23 1.29 0.01 9.23 0.14 0.66 0.12 7.75 0.13 97.31 0.66
Tp 33.60 22.40 18.00 – 1.24 – 6.56 – 0.55 – 3.20 – 90.25 –
To 33.60 22.40 18.10 0.10 1.24 0.02 6.51 0.22 0.54 0.14 3.30 0.16 90.30 0.54

Tp (prediction tablet): composition and quality prediction follow software design expert.
To (optimum tablet): the composition follows the software design expert, and the quality value is the result of the verification experiment.

Fig. 6. The dissolution profile of Ta, Tb, Tc, and To tablets. The compositions of 
SSG [mg] and PVP K-30 [mg] are Ta (40.00 : 16.00), Tb (32.00 : 24.00), Tc 
(24.00 : 32.00), and To (33.60 : 22.40).
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the effect of SSG*PVP K-30. The optimum tablet (To) was determined 
according to a numerical linear model. The prediction of the optimum 
tablet composition (Tp) and the verification results are presented in 
Table 3.

3.13. The release model kinetics of 4CH2Cl from tablets

The analysis of the release 4CH2Cl was performed using DDSolver as 
shown in Table 3 and Fig. 7 (for details, see Supplementary Material in 
Figs. S1–S4). The analysis parameters are Rsqr_adj, MSE_root, and 
Akaike Information Criterion (AIC).

3.14. 4CH2Cl tablet inhibits acetic acid induced pain in mice

Both 4CH2Cl (32.22 ± 2.25 s response time) and ASA groups (52.83 
± 3.87 s response time) showed reduced writhing frequency (P < 0.05) 
when compared with the placebo group (78.33 ± 4.16 s response time). 

The 4CH2Cl test group also gave less writhing frequency than the ASA 
group (p = 0.05) (Fig. 8).

4. Discussion

The success of the synthesis was chemically confirmed using infrared 
and magnetic resonance. The infrared spectra showed the specific peak 
4CH2Cl that SA did not have was C=O and C-Cl (Coates, 2006). The 
specific peak 13C NMR of 4CH2Cl show a carbonyl ester peak (C=O) at δ 
= 164.482 ppm and C-Cl peak at δ = 45.157 ppm (Flemming, 2016; 
Kupriyanova et al., 2021). On the chromatogram, the difference in the Rf 
value of 4CH2Cl with SA and 4-chloromethyl benzoyl chloride indicates 
a change in chemical structure, resulting in a change in the compound’s 
polarity. The Rf value for each mobile phase can provide information on 
the polarity of 4CH2Cl to support the formulation of pharmaceutical 
preparations. The spectrophotometer wavelength of 4CH2Cl is longer 
than SA because 4CH2Cl contains two benzene chromophores that can 

Table 3 
Statistic of tablets mass, tablets, and dissolution of 4CH2Cl.

Parameter ANOVA Polynomial To

R-Squared Adj R-Squared Pred R-Squared Adeq Precision linier quadratic t

Carr index 0.9844 0.9687 0.7887 13.7368 Y = 16.26 A + 20.61 B Y = 16.10 A + 20.45 B + 1.90 A*B 1.732
Hausner ratio 0.9868 0.9737 0.8224 15.0000 Y = 1.19 A + 1.29 B Y = 1.19 A + 1.29 B + 0.04 A*B 0.378
Hardness 0.9892 0.9784 0.8545 16.5957 Y = 4.19 A + 9.39 B Y = 4.03 A + 9.23 B + 1.88 A*B 0.388
Friability 0.9918 0.9835 0.8887 19.0000 Y = 0.48 A + 0.67 B Y = 0.47 A + 0.66 B + 0.06 A*B 0.085
Disintegrating time 0.9856 0.9712 0.8053 14.3200 Y = 0.34 A + 7.50 B Y = 0.59 A + 7.75 B - 0.30 A*B 1.076
Drug release 0.9889 0.9777 0.8496 16.3158 Y = 85.29 A + 97.69 B Y = 84.91 A + 97.31 B + 4.56 A*B 0.172

Fig. 7. Release kinetics model of 4CH2Cl from Ta, Tb, Tc, and To tablets. The compositions of SSG [mg] and PVP K-30 [mg] are Ta (40.00 : 16.00) (Korsmeyer- 
Peppas), Tb (32.00 : 24.00) (Weibull), Tc (24.00 : 32.00) (First order, and To (33.60 : 22.40) (Weibull).
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absorb UV light (Dachriyanus, 2004; Suhartati, 2017). This wavelength 
provides a reference for quantitative analysis of 4CH2Cl concentrations 
in various pharmaceutical dosage forms. The value of melting point 
indicates that 4CH2Cl is relatively stable at ambient temperature, 
around 25◦C. In addition, the melting point is considered in determining 
the method of preparing pharmaceutical dosage forms.

The 4CH2Cl tablets contain Ne, SSG, PVP K-30, MCC, and SDL. Ne 
acts as an insulator between the 4CH2Cl particles so that the particles do 
not aggregate together. The hydrophobicity of Ne in 4CH2Cl improves 
the flow properties that support the tablet manufacturing process 
(Juneja et al., 2014; Lou et al., 2013; Shete et al., 2019). SSG acts as a 
disintegrating agent, accelerating the tablet disintegration. The SSG 
particles swell when hydrated, so the SSG particles push against the 
surrounding particles, and the tablet disintegrates (Hadinugroho et al., 
2022b; Markl and Zeitler, 2017; Sheskey et al., 2017). PVP K-30, as a 
solubilizer, accelerates tablet hydration in the disintegration and 
dissolution processes (Kurakula and Rao, 2020; Sheskey et al., 2017). 
PVP K-30 accelerates SSG particles’ hydration, so the tablet disintegrates 
quickly. In addition, PVP K-30 accelerates the solubility of 4CH2Cl 
particles, thereby increasing the concentration of dissolving 4CH2Cl. 
MCC is used as a tablet filler because MCC has good compactibility. SDL 
is a filler because SDL has high density and good compactibility 
(Chaerunisaa et al., 2020; Thoorens et al., 2014; Yasmin et al., 2020). 
The combination of MCC and SDL can produce tablets with proportional 
thickness and diameter.

Analysis of tablet mass (Ta, Tb, and Tc) yielded a Carr index value 
between 16 until 20% and a Hausner ratio of less than 1.25 (Aulton and 
Taylor, 2017). This value means that the three tablet masses are good 
enough to flow, and the particle arrangement is quickly stable when 
subjected to mechanical forces. The tablet mass can move freely and fill 
the tablet machine die so that the tablet weight is achieved and 
consistent. Based on the value of the quadratic polynomial coefficient, 
the most influential parameter on the Carr index and Hausner ratio are 
PVP K-30, SSG, and SSG*PVP K-30. PVP K-30 particles are rounded and 
hollow and have a flat surface. The hollow PVP K-30 particles break 
easily to form fragments when subjected to mechanical movement, so 
the tablet mass requires a lot of activity to achieve a compressed particle 
arrangement. SSG particles are rounded and have a flat surface. The 
variation of the rounded shape involves a lot of mechanical movement 
for the arrangement of the tablet mass particles to become a compress. 
The lowest combination of SSG*PVP K-30 increases the Carr-index and 
Hausner ratio because PVP K-30 fragments can fill the porosity of the 
tablet mass so that a little mechanical movement can form a compressed 

tablet mass arrangement. Rounded shape with a flat surface of both 
particles, the tablet mass has good flow properties.

The tablet hardness specifications in this experiment were 4–8 kp. 
The materials that increase tablet hardness the most are PVP K-30, SSG, 
and SSG*PVP K-30. The PVP K-30 material has hygroscopic properties. 
When the tablet mass is compressed, the PVP K-30 particles become 
moist due to the heat of compression. The moisture derived from PVP K- 
30 particles can bind to the deformation of the tablet mass particles. 
When the tablet mass is compressed, the deformation of the SSG parti-
cles creates a narrow porosity in the interlocking deformation of the 
tablet mass particles. The lowest SSG*PVP K-30 increases tablet hard-
ness. PVP K-30 fragment causes wide porosity in the interlocking 
deformation of tablet mass particles.

The tablet friability specifications in this experiment was ≤1% (The 
United States Pharmacopeial Convention, 2018). Tc tablets are more 
friable than Ta and Tb tablets. Tc tablets are the most friability but have 
the highest hardness. The friability occurs on the tablet’s surface, 
releasing particles or fines. The interlocking particles on the tablet sur-
face are removed when mechanical motion is applied. The materials that 
increased the tablet friability the most were PVP K-30, SSG, and 
SSG*PVP K-30. The PVP K-30 materials could raise the friability because 
the PVP K-30 fragments could not adhere firmly to the tablet surface. 
The variation in the rounded shape of SSG resulted in many interlocking 
porosity deformation particles on the tablet surface. The combination of 
SSG*PVP K-30 slightly increased tablet friability due to the strong 
interlocking of particle deformation on the tablet surface. The inter-
locking strength is obtained from the moisture of the PVP K-30 frag-
ments when rubbing against each other produces heat so that the 
particles’ deformation on the tablet’s surface is not easily separated.

All tablets had a disintegration time of fewer than 30 min (The 
United States Pharmacopeial Convention, 2018). The SSG particles 
could swell when hydrated so that the surrounding tablet mass particles 
are pushed and separated from each other. The materials that increase 
the disintegration time the most are PVP K-30 and SSG. The combination 
of SSG*PVP K-30 reduces the disintegration time. The PVP K-30 domi-
nates the increase in disintegration time because the PVP K-30 particles 
are hydrated to form a viscous gel to bind the particles, and the old tablet 
disintegrates. When the PVP K-30 gel is saturated and remains hydrated, 
the PVP K-30 dissolves. In this condition, the SSG particles swell, and the 
tablet disintegrates. The SSG particles swell depending on hydration rate 
and SSG concentration. When the hydration of SSG is slow, the old SSG 
particles swell, and the disintegration time of the tablets is long. When 
the concentration of SSG particles in the tablet is low, the SSG starts from 
the tablet’s surface. The driving force against the particles begins from 
the surface towards the tablet core so that the tablet disintegrates 
gradually. The SSG*PVP K-30 reduces disintegration time because PVP 
K-30 is easily soluble and accelerates SSG’s hydration, so the SSG par-
ticles swell immediately, and the tablet disintegrates.

The 4CH2Cl is a new compound still being developed for dosage 
forms and has yet to be registered in regulations. The dissolution spec-
ification is at least 70% (Q) 4CH2Cl is released within 45 min. All tablets 
in this experiment within 45 min released above 75% (Q + 5). The 
presence of soluble and semipolar PVP K-30 accelerates the hydration of 
4CH2Cl particles and dissolution (Kurakula and Rao, 2020). The mate-
rials that increase the dissolution the most, according to the quadratic 
model, are PVP K-30, SSG, and SSG*PVP K-30. The PVP K-30 dominates 
the dissolution of 4CH2Cl because of its soluble and semipolar nature. 
The PVP K-30 accelerates the hydration of the tablet and its constituent 
particles so that the tablet disintegrates quickly, and the concentration 
of 4CH2Cl is high in the dissolution medium. SSG’s presence accelerates 
the separated tablet mass particles, including 4CH2Cl particles. The 
interaction of 4CH2Cl particles with the dissolution media causes 
4CH2Cl to dissolve. The combination of SSG*PVP K-30 increases the 
release of 4CH2Cl because PVP K-30 accelerates the hydration of SSG 
particles so that the tablets are immediately crushed into granules and 
powders. The PVP K-30 dissolves in the dissolution media accelerates 

Fig. 8. Analgesic activity of 4CH2Cl. Placebo are mices given tablets containing 
excipients as control. ASA are mices given ASA tablets as a comparison. 4CH2Cl 
are mices given 4CH2Cl tablets (To).
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hydration and dissolves 4CH2Cl particles.
The 4CH2Cl release kinetics model was determined by the highest 

Rsqr_adj, the lowest MSE_root, and the lowest AIC. Rsqr_adj describes 
the relationship between the dissolution time and the concentration of 
the dissolved. The MSE_root acts as the correlation analysis controller. 
The AIC determined the suitability of the release kinetics model equa-
tion (Gu et al., 2018; Mircioiu et al., 2019; Siswanto et al., 2015; Zhang 
et al., 2010).

The Ta tablets followed the kinetics of the Korsmeyer-Peppas model 
with the release of 4CH2Cl by Fickian diffusion (n = 0.18). The high 
concentration of SSG causes 4CH2Cl particles and other particles to be 
trapped in the swollen SSG particles. Diffusion of 4CH2Cl through the 
pathway created by soluble PVP K-30 particles. The Tb and To tablets 
followed the Weibull kinetic model with a rapid release of 4CH2Cl. The 
PVP K-30, easily soluble in dissolution media, accelerates hydration and 
dissolution of 4CH2Cl particles. The presence of SSG accelerates the 
disintegration of tablets into granules/powder so that the surface area 
for dissolving 4CH2Cl particles is wider. The Tc tablets follow the first- 
order kinetics model with the release of 4CH2Cl by diffusion through 
the porosity. Irregular PVP K-30 fragments cause a large amount of 
tablet or granule porosity. The diffusion mechanism of 4CH2Cl particles 
occurs through the porosity of the granules.

The three experimental groups of analgesic activity showed signifi-
cantly different activity responses (P < 0.05). The effectiveness of 
4CH2Cl pain inhibitors (Fig. 7) shows that the presence of excipients in 
To tablets does not interfere with the analgesic activity of 4CH2Cl.

5. Conclusion

SSG and PVP K-30 increased Carr index, Hausner ratio, hardness, 
friability, disintegration time, and drug release. The combination of 
SSG*PVP K-30 has the same effect, except that the disintegration time 
decreased. The optimum tablet formula is 4CH2Cl (300 mg), Ne (75 mg), 
SSG (33.60 mg), PVP K-30 (22.40 mg), MCC (40 mg), and SDL (up to 
800 mg). The tablet characteristics have Carr index (18.10), Hausner 
ratio (1.24), hardness (6.51 Kp), friability (0.54%), disintegration time 
(3.30 min), and drug release (9.30%). 4CH2Cl tablets can be a candidate 
and choice for new analgesic drugs in the future.
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