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Statement of Purpose: 
Drug eluting stents (DES) are effective in reducing in-
stent restenosis. For example dexamethasone (DX) 
eluting stainless steel (SS) stents have showed positive 
results in clinical trials. However, some adverse responses 
associated with the polymer coating on DES, such as 
inflammatory, hypersensitivity, and late stent thrombosis, 
have raised safety concerns.1 Recently, a novel polymer-
free drug eluting system using self assembled monolayers 
has been reported by our group.2 Its feasibility has been 
demonstrated by sustain release of flufenamic acid in 
physiological environment over a month from gold and 
titanium surfaces. In this study, we hypothesized that DX 
can be attached to and released from carboxyl terminated 
SAMs on stainless steel.  
Methods: 
Preparation of Monolayers  
Clean polished AISI 316L SS coupons were immersed in 
1mM solution of 16-phosphonohexadecanoic acid (PA) in 
dry tetrahydrofuran (THF) for 48 hours. Then the coupons 
were annealed at 120°C in nitrogen for 12 hours. Coupons 
were sonicated in THF for 3 min before reaction. 
Reaction of the SAMs with Ethyl Chloroformate 
In a 20ml scintillation vial, substrates with monolayers 
were immersed in 10mL dry dimethylformamide (DMF). 
One hundred microliter of N-methyl morpholine was 
added to DMF followed by 100uL ethyl chloroformate. 
After 10 minutes, coupons were taken out, rinsed with 
ethyl acetate, and dried in nitrogen stream. 
Reaction of the Activated SAMs with Dexamethasone 
392mg DX and 28mg 4-(dimethylamino) pyridine were 
dissolved in 600µL dry DMF. The content was allowed to 
completely dissolve before adding 70µL triethylamine. 
Coupons were immersed in this solution for 1 hour. After 
reaction, coupons were rinsed with ample amount of 
ethanol and dried in nitrogen stream.  
 

 
Figure 1. Scheme of reaction 

Drug Loading Estimation by ester bond hydrolysis 
DX modified coupons were immersed in 0.5M sodium 
hydroxide solution for 8 hours to accelerate hydrolysis 
process. Total amount of DX was quantified by reversed 
phase high performance liquid chromatography (HPLC). 
HPLC was performed on a Waters 2695 with Novopak C-
18, monitored by UV detector (Waters 2487) at 240nm. 

Results: 
An ordered monolayer is characterized by νCH2asy< 
2918cm-1 and νCH2sym<2850cm-1 in the infrared spectra. 
Substrates modified with PA monolayers were 
characterized with Fourier transform infrared 
spectroscopy before and after DX modification. 

 
Figure 2. IR spectrum of modified substrate before (blue) 
and after (red) esterification 
X-ray photoelectron spectroscopy (XPS) was also used to 
characterize the surface. Phosphor and fluoride were 
assigned as signature elements of monolayers and 
dexamethasone, respectively.  
 

  
 
 
 
 
 
 

 
 
Figure 3. High-resolution of XPS spectra of P 2p (A), F 
1s (B) region of substrates before (red) and after 
esterification (blue) 
Through ester bond hydrolysis, dexamethasone were 
release from SS. The concentration of dexamethasone was 
determined by a standard curve of known concentration of 
dexamethasone (r2=0.99). The total amount of 
dexamethasone was around 2.15ng/mm2. 
 
Conclusions: 
Carboxyl terminated phosphonic acid  monolayers were 
orderly formed on SS and remained on the surface after 
esterification. Dexamethasone was attached to SAMs 
using ethyl chloroformate as indicated by XPS and 
HPLC. 
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