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ABSTRACT 

 

Novel derivatives of cationic surfactant cetyltrimethylammonium bromide (CTAB) possessing 

anions of ibuprofen and naproxen as hydrophobic counterions were synthesized and characterized 

using Fourier transform infrared and differential electronic absorption spectroscopy. The self-

assembly of each surfactant was investigated using surface tensiometry. The self-immolative 

nature of these compounds was analyzed by studying their behaviour in response to a trigger such 

as medium pH.  ADMET-SAR (adsorption, distribution, metabolism, excretion, and toxicity – 

structure-activity relationship) profiles of synthesized surfactants were generated using admetSAR 

(v. 1.0). The cetrimonium drugs exhibited better profiles than the corresponding pure drugs, saving 

the aqueous solubility, which was reduced due to the hydrophobicity of counterions. 
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INTRODUCTION 
 

Non-steroidal anti-inflammatory drugs (NSAIDs) are a major class of drugs used to treat 

inflammation and pain. In addition, they reduce fever and prevent clotting of blood. NSAIDs retard 

the action of cyclooxygenases COX-1 and COX-2 [1,2] and consequently inhibit the formation of 

prostaglandins (responsible for inflammation) and thromboxanes (that promote clotting of blood). 

NSAIDs may selectively inhibit COX-1 or COX-2 [3]. The commonly known over-the-counter 

NSAIDs are aspirin, naproxen, and ibuprofen [1]. Figure 1 shows the ovine COX-1 complexed 

with ibuprofen and COX-2 complexed with naproxen.  

 

 
 

Figure 1: Ovine COX-1 complexed with ibuprofen [4]  (left) and naproxen:COX-2 complex [5] 

(right). The cavities or binding sites are highlighted in bright green color 

 

Ibuprofen belongs to the propionic acid class of NSAIDs prescribed in fever [6], menstrual 

pain, migraine and inflammation in the diseases such as rheumatoid/osteoarthritis [7]. Naproxen 

is also employed in treatment of inflammation and pain in migraine [8], rheumatoid arthritis [9], 

kidney stones [10], osteoarthritis [11], tendinitis [12,13], bursitis [14] and gout [15]. Long term 

use of NSAID can cause adverse effects such as gastrointestinal problems, kidney diseases, 

adverse cardiovascular events, photosensitivity, raised liver enzymes, headache and allergies [16]. 

Their role in different degenerative diseases is also of interest [2].   

 

These drugs are water-insoluble, and controlled release systems have been employed to 

tune their bioavailability and minimize their adverse effects [17–21]. However, these systems are 

not devoid of limitations, and new ways are sought to effectively deliver the drugs at the target site 

[22,23]. One of the better strategies is to use self-immolative polymers [24], which is the 

depolymerization that releases the active monomeric segments [25].  
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In the present work, self-immolative surfactants based on cetyltrimethylammonium 

surfactants have been developed, which carry carboxylates of ibuprofen and naproxen as 

counterions. These surfactants are expected to undergo self-immolation and release the drugs after 

crossing the biological barriers. In the absence of hydrophobic drug counterions, CTA+ ions 

exhibited high hydrophilicity and were expelled out of the membrane in a very short period [26]. 

Besides characterization and self-assembly, the molecular ADMET-SAR profiles were generated 

for each synthesized surfactant. The triggering of self-immolation by medium pH has also been 

investigated. 

 

EXPERIMENTAL 

 

Materials  

Naproxen and ibuprofen were obtained from Shaigan Pharmaceuticals (Pakistan). Cetyl- 

trimethylammonium bromide was acquired from Alfa Aesar. All products were of purity  98 % 

and used without further purification. Dimethyl sulfoxide (HPLC grade, Aldrich) and doubly 

distilled deionized water were used in solution preparation.  

 

Synthesis of Silver Salt of Drugs 

According to the reported method, Naproxen and ibuprofen were converted to sodium salts by 

treatment with sodium hydroxide in 50 % methanol [21]. The sodium salts were treated with silver 

nitrate in a 1:1 molar ratio. Silver naproxenate (CN) and silver ibuprofenate (CI) immediately 

precipitated out of the solution upon mixing. However, the solution was further stirred for 60 

minutes, and products were collected by filtration to ensure completion. The solid was washed 

with aqueous methanol to remove sodium nitrate and dried in a vacuum oven at room temperature 

[27-29].  

 

Synthesis of Cetrimonium Drugs 

An aqueous suspension of silver salts of drugs was added to an aqueous solution of 

cetyltrimethylammonium bromide (CTAB) in a 1:1 ratio, containing small amounts of dimethyl 

sulfoxide and stirred at room temperature for 48 h. The pale-yellow precipitate of silver bromide 

was removed by filtration, and the excess solvent was removed slowly under vacuum at low 

temperature to avoid decomposition, and the final product was collected after freeze-drying [30].   
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Characterization and Analysis 

FT-IR spectra were recorded with Varian/Digilab FTS7000 spectrometer. Electronic absorption 

spectra in the differential mode were measured using the free drug as a reference on the Perkin 

Elmer lambda 25 double beam spectrophotometer. Thermo Star laboratory lyophilizer/freeze dryer 

(TSFD-3KG) was employed to dry samples. The self-aggregation experiments were performed 

using the digital tensiometer DST 30. The temperature was controlled within ±0.1 °C using a water 

thermostat. The critical micelle concentration of each synthesized surfactant was determined from 

the breakpoint in the surface tension-concentration plot. Melting points were determined on 

Gallenkamp Melting Point Apparatus. ADMET-SAR profiles were generated using admetSAR 

v.1.0 [31].  

 

RESULT AND DISCUSSION 

 

Characterization of Cetrimonium Surfactants 

 

The FT-IR spectrum of cetrimonium naproxenate (CN) is provided in Figure 2. When compared 

with that of pure naproxen [32], the peak representing of C=O of the carboxylic acid group of 

naproxen was shifted from 1729 cm-1 to 1682 cm-1 in CN, showing assocation between -COO- of 

drug with tetralkylammonium cation of the surfactant [33]. The frequencies in the range 1461-

1480 cm-1 are due to C-N+ stretching vibrations [34]. The other peaks  in the region 1025-1075 

cm-1  were representative of Ar-O-R bond stretch. The peaks around 2847-2974 cm-1  are 

characteristic peaks of C-H vibrations of hydrocarbon chain [34].  

 

In the FT-IR spectrum of cetrimonium ibuprofenate (CI) (Figure 3),  the frequency due to 

stretching vibrations of C=O localized at 1703 cm-1 was originally present at 1721cm-1 in pure 

ibuprofen [35]. This shift reveals assocation between -COO- of drug with tetralkylammonium 

cation of the surfactant [33]. The peaks around 2847-2974 cm-1  are characteristic peaks of C-H 

vibrations of hydrocarbon chain. The peak at 1461 cm-1 is attributed to C-N+ stretching vibrations 

of ammonium ion [34]. 
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Figure 2: FT-IR spectrum of cetrimonium naproxenate (CN) 

 

 
 

Figure 3: FT-IR spectrum of cetrimonium ibuprofenate (CI) 
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Figure 4: Electronic absorption spectra of pure drugs (naproxen and ibuprofen), and differential 

electronic spectra of corresponding cetrimonium surfactants (CN and IN) 

 

Further characterization of the synthesized surfactants was done through differential 

electronic absorption spectroscopy. A complete inversion of the spectrum was observed in case of 

cetrimonium drugs (Figure 4), clearly indicating that in surfactants, the drug molecules exist in the 

bound state. The max value of pure naproxen is 240 nm, but other peaks were also seen in the 

higher wavelength region. These peaks appear at wavelengths of 262 nm, 271 nm, and 331 nm. 

These additional absorptions may arise due to possibility of self-association  [36]. In the difference 

spectrum (i.e., the one with negative absorbance) the max is shifted to 248 nm. The peak that 

appeared at 331 nm in the UV-spectrum of pure naproxen suffered a red shift of 3 nm in CN. These 

red shifts are indicative of the presence of drug as anion and show the existence of more than one 

complexation modes between drug and tetraalkylammonium cation [37]. 

 

The max value of ibuprofen is 250 nm, which is shifted to 259 nm in the difference 

spectrum recorded for CI. This  (= 9 nm) reflects the presence of ibuprofen as anion, which 

absorbs at lower frequency compared to corresponding drug molecule in the neutral state. Here, 

no new peaks are emerged that shows only one complexation mode of drug anion with surfactant 

[37,38]. 
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Physicochemical Properties and ADMET-SAR Predictions 

The physicochemical properties of CN and CI are provided in Table 1. The melting point of 

surfactants was lower than that of CTAB, showing the absence of compactness due to drug 

counterion. The drug counterions do not allow the close packing of alkyl chains of the surfactant, 

and consequently, lattice energy is reduced [39]. Both surfactants showed high lipophilicity, as 

revealed from their significantly high positive logP values.  

 

There are at least three stages involved in the biophysical and biochemical transformation 

of drugs: (1) pharmaceutical that relates to form and release of the drug; (2) pharmacokinetic that 

involves the transport of drug; and (3) pharmacodynamic stage during which an interaction takes 

place between drug and receptor. The pharmacokinetics of drugs depends on lipophilicity as it 

reflects the permeability of drugs across biological barriers such as cell membranes related to their 

action and fate in the human body [40]. Drugs with high lipophilicity undergo clearance through 

metabolites, whereas drugs with low lipophilicity experience renal clearance. The bromide 

replacement by hydrophobic drug anions also reduced the water solubility in the synthesized 

surfactants as negative values of logS were exhibited by CN and CI. 

 

Table 1: Physicochemical properties of cetrimonium surfactants (CN, CI) 

 

Property 
Cetrimonium naproxenate 

(CN) 

Cetrimonium 

ibuprofenate (CI) 

Melting point (°C) 160-161 82-84 

AlogP (lipophilicity) 9.21 9.25 

logS (water solubility) -4.101 -2.908 

CMC (critical micelle concentration)a  0.78 mM 0.71 mM 

a in aqueous dimethyl sulfoxide 

 

Table 2 shows the ADME properties obtained for pure drugs and corresponding 

cetrimonium surfactants using admetSAR v. 1.0 [31]. The subcellular localization of original drugs 

(i.e., mitochondria) is not altered in CN and CI. Subcellular localization of molecules is related to 

their activity and function [41].  Most of the properties of original drugs are retained in their 

cetrimonium derivatives. However, some important differences must be highlighted. First, the 

human intestinal absorption (HIA) is compromised in CN and CI, but the absorption through 

intestinal epithelial and blood-brain barriers remains possible. There are several ways a drug 

molecule is transported from the intestinal tract to the blood circulation. It could diffuse passively 

under the mere effect of concentration gradient or aided by carriers such as P-glycoprotein (i.e., 

the efflux process) in intestinal permeation [42].  
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Table 2: ADMET-SAR predictions (classification) for pure drugs and corresponding cetrimonium 

surfactants (CN, CI) 

 

Model Naproxen Cet. nap (CN) Ibuprofen Cet. ibu (CI) 

Absorption 

Blood-Brain Barrier BBB+ BBB+ BBB+ BBB+ 

Human Intestinal Absorption HIA+ HIA- HIA+ HIA- 

Caco-2 Permeability Caco2+ Caco2+ Caco2+ Caco2+ 

 

P-glycoprotein Substrate 
Non-substrate Substrate Non-substrate Substrate 

P-glycoprotein Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

OATP2B1 inhibitor Non-inhibitor Inhibitor Non-inhibitor Non-inhibitor 

Renal Organic Cation 

Transporter 
Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

Distribution 

Subcellular localization Mitochondria Mitochondria Mitochondria Mitochondria 

Metabolism 

CYP450 2C9 Substrate Non-substrate Non-substrate Non-substrate Non-substrate 

CYP450 2D6 Substrate Non-substrate Non-substrate Non-substrate Non-substrate 

CYP450 3A4 Substrate Non-substrate Substrate Non-substrate Substrate 

CYP450 1A2 Inhibitor Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

CYP450 2C9 Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

CYP450 2D6 Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

CYP450 2C19 Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

CYP450 3A4 Inhibitor Non-inhibitor Non-inhibitor Non-inhibitor Non-inhibitor 

CYP Inhibitory Promiscuity 

Low CYP 

Inhibitory 

Promiscuity 

Low CYP 

Inhibitory 

Promiscuity 

Low CYP 

Inhibitory 

Promiscuity 

Low CYP 

Inhibitory 

Promiscuity 

Toxicity 

Human Ether-a-go-go-Related 

Gene Inhibition 
Weak inhibitor Weak inhibitor Weak inhibitor Weak inhibitor 

AMES Toxicity AMES toxic Non AMES toxic Non AMES toxic Non AMES toxic 

Carcinogens Non-carcinogens Non-carcinogens 
 

Carcinogens  
Non-carcinogens 

Fish Toxicity High FHMT High FHMT High FHMT High FHMT 

Tetrahymena Pyriformis Toxicity High TPT High TPT High TPT High TPT 

Honeybee Toxicity High HBT High HBT High HBT Low HBT 

Biodegradation 
Not readily 

biodegradable 

Not readily 

biodegradable 

Readily 

biodegradable 

Readily 

biodegradable 

Acute Oral Toxicity II III III III 

 

http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1.CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CCCCCCCCCCCCCCCC%5BN%2B%5D%28C%29%28C%29C.O%3DC%28O%29%5BC%40%40H%5D%28C%29c1ccc2c%28c1%29cccc2OC&action=A
http://lmmd.ecust.edu.cn/admetsar1/predict/?smiles=CC%28C%28%3DO%29O%29c1ccc%28CC%28C%29C%29cc1&action=A
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In contrast to original drugs, which are non-substrates, their corresponding cetrimonium 

adducts are expected to act as substrates for P-glycoprotein. Their impaired HIA also endorses 

this. Cetrimonium naproxenate (CN) inhibits OATP2B1, which is an organic anion uptake 

transporter. Naproxen is an inhibitor of CYP450 1A2, an enzyme from cytochrome proteins 

involved in the metabolism of xenobiotics. However, CN does not inhibit the respective enzyme. 

Instead, the metabolism of CN and CI involves CYP450 3A4, an enzyme found in the liver and 

intestine that is responsible for the oxidation of small foreign molecules. Hence, clearance of CN 

and CI is expected to occur through different pathways from those of original drugs. Another 

significant change in property is the absence of DNA mutagenesis potential in CN. 

 

The original drug naproxen possesses AMES toxicity, whereas CN appears to be non-toxic 

in the AMES test. So, CN and CI can be considered much safer than the original drugs. Similarly, 

ibuprofen is carcinogenic, but the corresponding surfactant is non-carcinogenic. The naproxen 

belongs to class II, whereas cetrimonium naproxenate belongs to class III in terms of actual oral 

toxicity, unravelling that the latter is safer than the original drug. In addition, CI has much lower 

honeybee toxicity than pure ibuprofen. 

 

Table 3: ADMET-SAR predictions (regression) for pure drugs and corresponding cetrimonium 

surfactants (CN, CI) 

 

Model Naproxen Cet. nap (CN) Ibuprofen Cet. ibu (CI) 

Absorption 

Aqueous solubility -4.0976 -4.4007 -3.9041 -2.9081 

Caco-2 Permeability (LogPapp, 

cm/s) 
1.2775 0.9659 1.7486 1.0980 

Toxicity 

Rat Acute Toxicity (LD50, 

mol/kg) 
2.4579 2.6724 2.3092 2.5977 

Fish Toxicity (pLC50, mg/L) 0.8696 0.6704 1.3122 1.5133 

Tetrahymena Pyriformis 

Toxicity (pIGC50, ug/L) 
1.3533 1.4742 1.3858 0.9653 

 

The regression allows the quantification of absorption and toxicity profiles, and the results 

are gathered in Table 3. The Caco-2 permeability was reduced in the surfactant bound drugs in 

both cases. The movement across Caco-2 cell monolayers relates to intestinal absorption. Thus, 

reduction in Caco-2 permeability reflects the compromised intestinal absorption of the drug [43]. 

The aqueous solubility was slightly altered in the case of naproxen, but the marked change was 

observed for ibuprofen. Nearly comparable results were obtained for acute rat toxicity. The fish 
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toxicity of naproxen was reduced in CN, and Tetrahymena Pyriformis toxicity of ibuprofen was 

reduced upon conversion to CI. 

 

Self-immolation Behaviour of Cetrimonium Drugs Triggered by pH 

The effect of pH on the self-immolation behaviour of CN and CI was recorded in aqueous 

dimethyl sulfoxide due to the low solubility of surfactants in water. The differential electronic 

spectra of CN at different pH values are shown in Figure 5(a and b). The absorbance at wavelengths 

249 nm and 332 nm, which represent surfactant associated naproxen, either diminished or positive 

absorbance was regained at non-neutral pH values indicating the dissociation of drug counterions 

from surfactant cation (Figure 4a).  

 

A bathochromic shift of about 7 nm is also observed for a peak at 332 nm at pH > 8. Hence, 

any shift from neutral pH would trigger the release of a drug. A small alteration in spectral patterns 

originating from a change in pH is significant as electronic spectra of pure naproxen are nearly 

pH-independent [44]. Besides, the stabilization of large anions is markedly reduced in dimethyl 

sulfoxide, simply because it cannot act as a hydrogen donor [45]. DMSO competes as a proton 

acceptor because its O-protonated form is 37 kcal mol-1 more stable than the corresponding 

neutral form [46]. Again, in Figure 4b representing ibuprofenate (CI), the peak representing the 

CTA+ bound drug localized at wavelength 269 nm is diminished with the emergence of new peaks 

at wavelengths 203 nm and 340 nm at pH < 7, reflecting the detached drug. At pH > 7, the peak at 

340 nm is seen, showing the absence of a protonated form of drug and free drug anions in solution.   

 

  

 
 

Figure 5: (a) Effect of pH on differential electronic spectra of CN; and (b) Effect of pH on differential 

electronic spectra of CI 
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CONCLUSION 

NSAIDs, naproxen and ibuprofen, were successfully converted to cetrimonium surfactants bearing 

drug anions. FT-IR and differential electronic absorption patterns showed the presence of 

surfactant bound drugs. The bound drugs were metabolized through a different pathway than the 

free drug molecules. ADME profiles revealed the absence of carcinogenicity and DNA 

mutagenesis in pure drugs. However, the aqueous solubility was reduced due to the replacement 

of bromide ion in CTAB by hydrophobic drug anions. It was also identified that change in pH 

could trigger the self-immolation of cetrimonium surfactants and hence they could act as a drug 

delivery system. 
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