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Abstract 31 

  32 

Prodrugs synthesized by different drugs not only overcome the defects of original 33 

drugs, but also significantly enhance their treatment effects. In this study, a novel 34 

prodrug, 3, 4, 5-tributyryl shikimic acid (TBS), for the treatment of ulcerative colitis 35 

(UC) was synthesized by shikimic acid (SA) and butyric acid (BA) through the 36 

esterification reaction. Furthermore, the anion exchange resin, Amberlite 717 was 37 

employed to load the sodium salt of TBS through a batch process. Then the 38 

drug-loaded exchange resin (TBSS-IER) was encapsulated in the coating material, 39 

Eudragit S100, to prepare the colon-targeting drug resin microcapsule (TBSS-DRM) 40 

through an in-liquid drying method. The morphology and structure of TBSS-IER and 41 

TBSS-DRM were characterized by scanning electron microscopy (SEM). The in vitro 42 

release study demonstrated the good colon-targeting of TBSS-DRM. In the in vivo 43 

study, the TBSS-DRM exhibited good therapeutic effect on the experimental colitis 44 

mouse induced by 2, 4, 6-trinitrobenzenesulfonic acid (TNBS). All results indicated 45 

that the prodrug was effective for colitis and the resin microcapsule system had good 46 

colon-targeting and could be used for the development of colon-targeting 47 

preparations. 48 

 49 

Keywords: Ulcerative colitis; Prodrugs; Shikimic acid; Butyric acid; Anion exchage 50 

resin; Colon-targeting; Corticosteroids 51 
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1. Introduction 61 

 62 

Ulcerative colitis (UC) is a representative type of inflammatory bowel disease and its 63 

pathogenesis still remains unknown.
1-3

 UC has a long course of disease and is prone 64 

to recur, thus seriously affecting the quality of patients’ life. Currently, medication is 65 

still the main therapeutic regimen of UC. Generally, the drugs used for the treatment 66 

of UC include corticosteroids and aminosalicyclic acids. However, some of them 67 

often induced incidences of serious side-effects.
4, 5

 Nowadays, many researchers are 68 

pursuing potent novel drugs for UC management and many papers have reported that 69 

some components of vegetables and herbs can inhibit the inflammatory response and 70 

show new potential therapeutics for UC.
6-8

  71 

Shikimic acid (3, 4, 5-trihydroxy-1-cyclohexene-1-carboxylic acid; SA) which is 72 

extracted from the fruits of Chinese star anise (Illicium verum Hook. fil.) can be used 73 

to improve the symptoms of UC because of its good anti-inflammation and 74 

anti-coagulation effects.
9, 10

 Butyric acid (BA) is a short chain fatty acid and plays an 75 

important role in human body.
11-13

 Many experiments have confirmed that BA had 76 

good anti-inflammatory and therapeutic effects on UC.
14, 15

 But its relatively short 77 

half-life of oral administration limits its application. In this study, we synthesized a 78 

novel prodrug, 3, 4, 5-tributyryl shikimic acid (TBS), through the formation of ester 79 

bond between SA and BA for the treatment of UC. However, from the in vivo 80 

experiment on mice, we found that the prodrug was easy to be hydrolyzed in the 81 

upper gastrointestinal tract. So it was necessary to design a colon-targeting 82 

preparation to transport the prodrug to the colon to prevent its hydrolysis in the upper 83 

gastrointestinal tract and paly a better treatment role. 84 

Ion-exchange resin (IER) is a kind of water insoluble inert polymer material 85 

which has been widely used in several scientific investigations due to its ion-exchange 86 

reaction with external-ions through their own functional groups.
16-18

 In recent years, 87 

IER has been employed as a drug carrier in a variety of drug delivery systems for the 88 

aims of improving effectiveness and safety of drugs, site-specific releasing, 89 

taste-masking and prolonging the duration of drug action.
19-26

 In this study, the 90 
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anion-exchange resin, Amberlite 717 was employed as the carrier to load TBS 91 

through the ion-exchange reaction. Simultaneously, in order to prevent the 92 

drug-loaded resin from releasing drug at the site of high ionic strength (e.g., the 93 

stomach), the enteric coating material, Eudragit S100, was introduced to encapsulate 94 

the drug-loaded resin to form the drug-loaded resin microcapsule. The microcapsule 95 

hardly released drug in the upper gastrointestinal tract. However, in the lower 96 

gastrointestinal tract, it could release drug in the colon environment of low ionic 97 

strength through the degradation of Eudragit S100，thus achieving the aim of 98 

colon-targeting.   99 

 100 

2. Materials and methods 101 

 102 

2.1 Materials and reagents 103 

Shikimic acid (SA，purity>98%) was purchased from Shaanxi Sciphar Biotechnology, 104 

China. Butyric acid (BA) was purchased from Shanghai Aladdin Chemistry, China. 105 

717 anion-exchange resin (Amberlite 717) was obtained from Xi’an LanXiao 106 

Technology, China. Eudragit S100 was purchased from Rohm, German. Liquid 107 

paraffin, Span 80, PEG 400 and PEG 4000 were purchased from Tianjin Kermel 108 

Chemical, China. All other reagents were analytical grade and obtained from 109 

commercially available sources. 110 

2, 4, 6-Trinitrobenzenesulfonic acid (TNBS) was purchased from Sigma, USA. 111 

O-dianisidine dihydrochloride (ODD) and ethylenediaminetetraacetic acid (EDTA) 112 

were purchased from Shanghai Aladdin Chemistry, China. Hexadecyl trimethyl 113 

ammonium bromide (HTAB) and 30 % H2O2 solution were purchased from Tianjin 114 

Kermel Chemical, China. All other chemicals were analytical grade, commercially 115 

available products. 116 

 117 

2.2 Animals 118 

Male BALB/c mice weighing 20±2 g were purchased from the Laboratory Animal 119 

Center of Xi’an Jiaotong University, and housed under controlled temperature and 120 
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relative humidity conditions of 20-25ºC, and 50-60%, respectively, and under a 12/12 121 

h light/dark cycle. All animals had ad libitum access to water and food. And they were 122 

quarantined for 1 week prior to treatment. All animal care and experimental protocols 123 

complied with the guidelines of animal ethics committee at Xi’an Jiaotong University. 124 

 125 

2.3 Synthesis of TBS 126 

In this study, a simple but efficient esterification reaction was used to synthesize TBS. 127 

Specifically, 50 g SA and 200 ml BA were added to a 1,000 ml round-bottomed flask 128 

and stirred until evenly. 3 drops of 98 % concentrated sulfuric acid as catalyst was 129 

added to the mixture and stirred for 10 min followed by adding 500 ml ice water to 130 

the flask. After being extracted by dichloromethane, the product was loaded on a 131 

silica gel open column and eluted with petroleum ether / ethyl acetate (5/1). The 3, 4, 132 

5-tributyryl shikimic acid was obtained after removing solvents through flash 133 

evaporation (102.64 g, yield: 93.0 %).  134 

The products were characterized by
 1

H NMR, infrared spectroscopy (IR) and 135 

mass spectrometry (MS). 
1
H NMR spectra (DMSO-d6) were recorded on a 300 MHz 136 

1
H NMR spectrometer (Bruker, Germany). Chemical shifts (δ) were reported in ppm 137 

downfield from the internal standard tetramethylsilane (TMS). The IR and MS spectra 138 

were recorded with FTIR-8400S IR spectrometer (Shimadzu, Japan) and 139 

GCMS-QP2010 Mass Spectrometer (Shimadzu, Japan), respectively.  140 

 141 

2.4 Preparation of TBSS-resin microcapsule 142 

2.4.1 Pretreatment of ion-exchange resin (IER) 143 

In this work, Amberlite 717 which was mainly composed of styrene-divinylbenzene 144 

copolymer was used to encapsulate TBS. It has quaternary ammonium cationic groups 145 

and the active chloride ions. Through replacing the chloride ion which was connected 146 

with quaternary ammonium groups, the drug ions could be loaded in the resin. 147 

Specifically, a certain quantity of Amberlite 717 was immersed and washed in 50 ºC 148 

deionized water to remove water-soluble impurities, then transferred them into 95 % 149 

ethanol with stirring to remove the organic impurities. After washed with deionized 150 
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water until no residual ethanol existed, the IER was dried under vacuum at 50 ºC. The 151 

pre-dried IER was immersed in 0.1 mol/l hydrochloric acid solution with constant 152 

stirring for 24 h, then washed with deionized water until neutral and dried to obtain 153 

the anion (Cl
－

) exchange resin.  154 

 155 

2.4.2 Preparation of TBSS-IER complex 156 

Since IER mainly encapsulates drugs through the ion-exchange reaction, drugs which 157 

can be loaded into IER must be ionized. In this study, TBS first reacted with sodium 158 

hydroxide (NaOH) to obtain its sodium salt. Specifically, 21.0 g TBS was added to 159 

200 ml NaOH solution (0.275 mol/l) with constant stirring, the 3, 4, 5-tributyryl 160 

shikimic sodium (TBSS) was obtained after extraction, filtration and drying of the 161 

water-soluble product. The 3, 4, 5-tributyryl shikimic sodium-loaded resin 162 

(TBSS-IER) complex was prepared through a batch process. The purified IER (0.50 g) 163 

was suspended in a 6.0 g/l TBSS aqueous solution under magnetic stirring at 30 ºC. 164 

Samples were collected from TBSS aqueous solution at each predetermined time 165 

internal and determined by high-performance liquid chromatography (HPLC) 166 

(Methanol: water: acetic acid 75:25:0.5, v/v, C18 BDS Hypersil, column temperature 167 

30 ºC, flow rate 1 ml/min, detection wavelength 254 nm, LOQ: 0.15 µg/ml). The 168 

drug-loading capacity (Q) of IER was determined by the measurement of the residual 169 

TBSS in solution, which was calculated according to the following equation: 170 

Qt = V/WR· (C0-Ct) 171 

where Qt was the drug-loading capacity of resin at time t. C0 was the initial drug 172 

concentration and Ct was the drug concentration at time t. V was the volume of drug 173 

solution and WR was the quality of resin.  174 

 175 

2.4.3 Preparation of TBSS-resin microcapsule (TBSS-DRM) 176 

Eudragit S100 is a kind of methyl acrylic acid-methyl methacrylate copolymer. It 177 

is stable in the environment below pH 7.0 and degrades at pH >7.0, thus making it a 178 

suitable colon-targeting preparation.
27, 28

 In this study, in order to enhance the 179 

colon-targeting of TBSS-IER, Eudragit S100 was used to encapsulate TBSS-IER and 180 
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the in-liquid drying process was employed to prepare the TBSS-DRM.
29

 Specifically, 181 

20 ml liquid paraffin and 2.5 ml Span 80 were mixed and stirred evenly to form the 182 

continuous phase. 0.1 g Eudragit S100 and 0.01 g PEG 400 were dissolved in 7.5 ml 183 

acetone to form the dispersed phase, 0.5 g TBSS-IER (containing about 0.5 g prodrug) 184 

was firstly immersed in 50 ml 20 % (w/w) PEG 4000 solution and then added in the 185 

dispersed phase with stirring. The prepared dispersed phase was dropped into the 186 

continuous phase to form emulsion with constant stirring for 6 h at 40 ºC to remove 187 

acetone. The obtained TBSS-DRM was filtered and washed by petroleum ether to 188 

remove liquid paraffin and dried at 40 ºC.  189 

The morphology of the TBSS-IER and TBSS-DRM was characterized by 190 

scanning electron microscopy (SEM). The drug-loaded IER and DRM were frozen in 191 

liquid nitrogen, and then lyophilized for 72 h. The lyophilized IER and DRM were 192 

then sputtered with gold, and their morphology and microstructure were observed by 193 

a scanning electron microscope (TM-1000, HITACHI, Japan). 194 

 195 

2.5 In vitro drug release study 196 

In this part, two in vitro release experiments were investigated according to the paddle 197 

method for dissolution test in Chinese Pharmacopoeia (2010 edition), respectively. 198 

The first experiment was to investigate the impact of the ionic concentration on the 199 

ion-exchange ability of TBSS-IER. Specifically, 0.1 g TBSS-IER was added in three 200 

sodium chloride (NaCl) solutions of different concentrations (0.05 mol/l, 0.15 mol/l 201 

and 0.80 mol/l), respectively. The operation was carried under the condition of 37±0.5 202 

ºC and 50 rpm. 5 ml samples were collected and replaced with the same volume of 203 

release medium at predetermined time internals. The HPLC method was used to 204 

determine the TBSS content in the release medium. The second experiment was to 205 

investigate the release behavior of TBSS-DRM and to simulate the process of the 206 

gastrointestinal transit in vivo. Specifically, 0.5 g TBSS-DRM was successively added 207 

into artificial gastric juice (pH=1.2) for 2 h, artificial small intestinal juice (pH=6.8) 208 

for 4 h and artificial colon juice (pH=7.4) for 6 h. And the operation was carried under 209 

the condition of 37±0.5 ºC and 50 rpm. 5 ml samples were collected and replaced with 210 
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the same volume of release medium at predetermined time internal (1 h). In the in 211 

vitro study, the volumes of all dissolution media were 900 ml, and after filtering 212 

through 0.45 µm filter membrane, samples of the two experiments were determined 213 

by HPLC according to 2.4.2 section, and calculated the percentage of cumulative 214 

release (%). 215 

 216 

2.6 Therapy of TBSS-DRM on the experimental colitis induced by TNSB in mice 217 

2.6.1 Induction of colitis and experimental protocols 218 

Colitis was induced according to the procedure described by Wang et al.
30

 Specifically, 219 

after 12 h of fasting, mice were anesthetized with ether before induction of colitis. 0.1 220 

ml 50 % (v/v) ethanol which contained 2.5 % (v/v) TNBS was instilled into the colon 221 

3.5-4.0 cm from the anus by a gavage needle. Mice were kept in a head-down position 222 

for 30 s to prevent the leakage of the intracolonic instillation. Mice in the control 223 

group received physiological saline instead of TNBS solution. From the results of our 224 

pre-experiments, TBS was undetectable in colon due to the rapid hydrolysis of the 225 

ester bond in the upper gastrointestinal tract. Therefore, dexamethasone sodium 226 

phosphate (DXSP), which was also used in the treatment of UC, was selected to 227 

replace TBSS as the positive control. The mice were randomly divided in to 4 groups: 228 

(1) control-no colitis induced (p.o., 0.5% CMC-Na, n=15), (2) TNBS (p.o., 0.5% 229 

CMC-Na, n=15), (3) TNBS+DXSP (p.o., 2 mg/kg DXSP, n=15), (4) TNBS+TBSS 230 

(p.o., 200 mg/kg TBSS, n=15). The treatment was given after the induction of colitis 231 

for 12 h. During the experiment, the mice body weight changes of each group were 232 

recorded and mice feces were collected to investigate their characteristics and 233 

determine the fecal occult blood daily. At the end of the experiment, the number of the 234 

ultimately surviving mice was recorded and the final survival rate was calculated. 235 

Then all of the mice in the respective groups were killed, and the entire colon was 236 

excised and cleaned of adherent adipose tissue, opened longitudinally, and rinsed with 237 

cold physiological saline to remove fecal. The intestinal segment from each mouse 238 

was stored at -70 ºC for subsequent measurement. 239 

 240 
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2.6.2 Measurement of disease activity index (DAI) 241 

Disease activity index (DAI) which reflects the therapeutic effect of different drugs on 242 

colitis induced by TNBS is the sum of scores given for body weight loss (sored as: 0, 243 

none; 1, 1-5 %; 2, 5-10 %; 3, 10-15 %; 4, over 15 %), stool consistency (sored as: 0, 244 

well-formed pellets; 2, loose stools; 4, diarrhea) and fecal occult blood (sored as: 0, 245 

normal; 1, occult blood+; 2, Occult blood++; 3, Occult blood+++; 4, visible blood in 246 

the stool).
31

 The test of mouse fecal occult blood was performed using o-tolidine. 247 

Specifically, a small amount of mouse feces was smeared on a white plate. 2-3 drops 248 

of 10 g/l of o-tolidine in glacial acetic acid solution was dripped into the feces and 249 

blended evenly. Then 2-3 drops of 3 % H2O2 solution was added in the mixture, which 250 

was followed by timing as well as observing the results immediately. The evaluation 251 

criteria of fecal occult blood level were shown in Table 1. In this study, the DAI of 252 

each group were recorded daily and the figure of DAI varying trend was drawn. 253 

Moreover, the differences between groups were evaluated simultaneously. 254 

 255 

2.6.3 Measurement of MPO Activity 256 

The measurement of Myeloperoxidase (MPO) is to determine the activity of 257 

myeloperoxidase which is used to measure the accumulation of neutrophils.
32

 258 

Specifically, the weighted tissue samples were homogenized in ten volumes of 259 

ice-cold phosphate buffer (50 mM K2HPO4, pH 6.0) containing 0.5% (w/v) HTAB. 260 

The homogenate was centrifuged at 10,000 rpm for 10 min at 4 ºC, and the 261 

supernatant was discarded. The precipitate was then homogenized with an equivalent 262 

volume of 50 mM K2HPO4 containing 0.5 % (w/v) HTAB and 10 Mm EDTA. MPO 263 

activity was assessed by measuring the hydrogen-peroxide-dependent oxidation of 264 

o-dianisidine dihydrochloride (ODD). One enzyme unit was defined as the amount of 265 

enzyme producing one absorbance change per minute at 460 nm and 37 ºC. Enzyme 266 

activity was calculated as U/g tissue.
33

 267 

 268 

2.7 Statistical analysis 269 

Statistical analyses were performed with SPSS version 13.0 for Windows. All results 270 
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were expressed as mean±SD. Data between groups were compared using Wilcoxon 271 

rank sum test. And data among multiple groups were compared using Kruskal-Wallis 272 

test. p<0.05 was considered to be statistically significant.  273 

 274 

3. Results 275 

 276 

3.1 Synthesis and characterization of TBS 277 

In this study, the prodrug, 3, 4, 5-tributyryl shikimic acid was obtained through the 278 

formation of ester bond between BA and SA (Scheme 1). The structure of TBS was 279 

determined by 
1
H NMR in CDCl3, and the spectrum was shown in Fig.1. Specifically, 280 

the peaks at 1.0, 1.7 and 2.2 ppm belonged to the methyl group (CH3), the β and the γ 281 

methylene group (CH2), respectively. While the peaks at 2.3, 2.8 and 5.8 ppm were 282 

attributed to the methylidynes (CH) of the hexatomic ring which directly connected 283 

with the BA groups. The peaks at 5.3 and 6.9 belonged to the methylene group (CH2) 284 

and the double bond of the hexatomic ring. The 7.3 ppm corresponded to the protons 285 

of the carboxyl group (-COOH). 286 

The FTIR spectra of 5-BA was shown in Fig.2. In general, the absorption bands 287 

at 3256 cm
-1 

and
 
1743

 
cm

-1 
were attributed to the carboxyl group (-COOH). The peak 288 

at 1697 cm
-1

, 1250, 1165, 1103 cm
-1

 belonged to the ester (vC=O and vC-O-C) formed 289 

between SA and BA. Furthermore, the molecular ion peak of TBS was MS m/z 384 290 

(MH
+
). These results indicated that TBS was successfully synthesized through the 291 

formation of the ester band between BA and SA. 292 

 293 

3.2 Preparation of TBSS-IER and TBSS-DRM 294 

In this work, the batch process was used to encapsulate the prodrug.
34

 In order to be 295 

encapsulated into the IER, the sodium salt of TBS (TBSS) was synthesized through a 296 

simple reaction with NaOH. During the drug-loading process, samples collected at 297 

each time internal were determined by HPLC. And the drug-loading capacity (Q) was 298 

the difference between the total dosage and the residual TBSS in solution. Fig.3 299 

showed the drug-loading capacity of resin changing over time. As shown in Fig.3, the 300 
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ion-exchange reaction got equilibrium at 1 h, and the drug-loading capacity was 1.07 301 

g/g. In the coating process, in-liquid drying method was used to prepare TBSS-DRM. 302 

Liquid paraffin which was stable and non-volatile was selected as the continuous 303 

phase. The dispersed phase was acetone which could dissolve the coating material 304 

(Eudragit S100) and be volatilized easily. Span 80 and PEG 400 were used as 305 

emulsifier and plasticizer, respectively. Moreover, after immersing in PEG 4000 306 

solution, the swelling degree of TBSS-IER significantly reduced, thus preventing the 307 

burst release of TBSS after the film-coated layer (Eudragit S100) degrading. In this 308 

work, the TBSS-DRM was obtained through removing the volatile dispersed phase by 309 

heating and stirring, thus guaranteeing the shape of and the dispersion of TBSS-DRM. 310 

The typical scanning electron microphotographs of TBSS-IER and TBSS-DRM 311 

were presented in Fig. 4. Fig. 4A showed that the drug-loaded resin was a sphere, and 312 

its particle size was about 600 µm. Fig. 4B exhibited the surface morphology of the 313 

drug-loaded resin. There were numerous tiny cavities on the surface of the resin, 314 

suggesting that the TBSS could enter the resin through them. Fig. 4C showed that, 315 

after coating with Eudragit S100, the volume of the microcapsule did not change 316 

obviously. Moreover, the leakage of drug caused by ion-exchange would be reduced 317 

in acid environment due to the coverage of the coating material.  318 

 319 

3.3 In vitro drug release study 320 

Fig.5A showed the influence of the concentration of release medium on the release 321 

behavior of TBSS-IER. With the increase of the medium concentration, the 322 

percentage of cumulative release increased as well. When the concentration of NaCl 323 

was 0.15 mol/l, the ultimate cumulative release percentage was almost twice of that of 324 

0.05 mol/l NaCl. While the cumulative release percentage of 0.8 mol/l NaCl had no 325 

significant difference with that of 0.15 mol/l, indicating that with the increase of NaCl 326 

concentration, the ion-exchange capacity of resin also increased. However, when the 327 

concentration reaching a certain extent (e.g., 0.15 mol/l), the ion-exchange capacity of 328 

resin tended to saturation. Then the increase of ion concentration would not improve 329 

the drug-loading capacity of resin. Fig.5B was the in vitro release curve of 330 
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TBSS-DRM at different pH values. This experiment imitated the variation of pH 331 

values and the transit time of the whole gastrointestinal tract (including stomach, 332 

small intestine and colon). As we know, it is desired that a colon-targeting preparation 333 

hardly releases drug in the gastric environment (pH 1.2), releases parts of drug in 334 

intestinal environment (pH 6.8) and releases lots of drug in the colon environment 335 

(pH 7.4). And the results of the in vitro release experiment confirmed the good 336 

colon-targeting property of TBSS-DRM. As shown in Fig. 5B, TBSS-DRM hardly 337 

released TBSS in the acidic environment. However, its release behavior changed 338 

significantly when the pH values varied. In the intestinal environment (pH 6.8), the 339 

accumulative release was <30%. While in the colonic environment (pH 7.4), massive 340 

TBSS released from the TBSS-DRM (>80%). This release behavior facilitated drugs 341 

to be concentrated at the targeting-site and play therapeutic effects.   342 

 343 

3.4 Effect of TBSS-DRM on the mouse survival rate and body weight changes  344 

After 5 days of treatment, no mice died in the control group. However, 8 mice died in 345 

the TNBS group. Moreover, the death number in DXSP group and TBSS-DRM group 346 

was similar (5 mice died in DXSP group and 4 mice died in TBSS-DRM group), 347 

which might be due to the relatively large individual differences of the resistance of 348 

mouse to TNBS. Fig. 6 presented the influence of TBSS-DRM on body weight 349 

changes. From Fig. 6, the weight of the control group always maintained stable 350 

growth. However, the TNBS group showed sharp decline, then the decreasing trend 351 

slowed down. Furthermore, both weights of the TBSS-DRM group and the DXSP 352 

solution group began to rise gradually from the second day after administration and 353 

showed stable growth trend. However, compared with the DXSP solution group, the 354 

TBSS-DRM group showed a more obvious growth trend, indicating a better 355 

therapeutic effect of TBSS-DRM. 356 

 357 

3.5 Effect of TBSS-DRM on DAI and MPO Activity 358 

After the experimental colitis was successfully induced, the mice appeared some 359 

conditions, such as bloody stools, diarrhea, reduced activity and weight loss after 24 h. 360 
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Fig. 7A reflected the variation tendency of the DAI of each group and Fig. 7B 361 

presented the influence of TBSS-DRM on the ultimate DAI. The DAI of control 362 

group was 0. However, due to the influence of inflammation, the DAI of TNBS group 363 

was significantly higher than the TBSS-DRM group and DXSP solution group. After 364 

treatment, both DAI of TBSS-DRM group and DXSP solution group showed obvious 365 

decline. The results of Fig. 7B indicated that both DAI of TBSS-DRM group and 366 

DXSP solution group showed significant difference compared with the TNBS group 367 

(p<0.01), and they both showed similar decreased trend. Moreover, Fig. 8 showed the 368 

influence of TBSS-DRM on the activity of MPO. As shown in Fig. 8, compared with 369 

the TNBS group, MPO activity of TBSS-DRM group and DXSP solution group both 370 

decreased significantly (p<0.01). And the downward trend of them was similar, 371 

indicating that both of them could effectively relieve the inflammation at the colon 372 

site. Both results of the variation of DAI and MPO activity suggested the good 373 

treatment of TBSS-DRM on the TNBS induced colitis of mice.  374 

 375 

4. Discussion 376 

 377 

Prodrug can improve the in vivo pharmacokinetics of the original drug including 378 

absorption, distribution, metabolism and excretion through changing the physical or 379 

chemical properties of the original drug by chemical modification, thereby 380 

overcoming the shortcomings and enhanced the therapeutic effect of the original drug. 381 

In this work, TBS was synthesized by SA and BA, and the prodrug could release SA 382 

and BA through the hydrolysis of ester bond, thus playing a collaborative therapeutic 383 

effect on UC. However, we found that the prodrug had poor water-solubility and was 384 

easy to be hydrolyzed in the upper gastrointestinal tract after repeated experiments. So 385 

we intended to use appropriate carriers to concentrate drugs to the lesion site 386 

according to the variation of the in vivo environment (e.g., pH values, enzyme and 387 

ionic strength), thus not only improving the treatment effect but also preventing 388 

hydrolysis of the prodrug in advance. In this study, we used IER as the carrier to load 389 

TBS through ion-exchange. Then the coating material, Eudragit S100, was used to 390 
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encapsulate the drug-loaded IER so that it could be targeting to the colon site 391 

depending on the variation of the in vivo pH values. After the degradation of Eudragit 392 

S100, IER could release TBS at colon through ion-exchange. Then TBS was 393 

hydrolyzed and released SA and BA, thus having therapeutic effects (Scheme 2).   394 

As a carrier, resin can load drug depending on ion-exchange and its special 395 

structure. As depicted in Fig.4, TBSS could enter the interior of resin through these 396 

cavities on the surface, then achieving the drug-loading through ion-exchange 397 

reaction. Moreover, the stability of drug-loaded microcapsule in acid environment 398 

could be effectively improved by coated with Eudragit S100, thereby preventing the 399 

leakage of drug in the upper gastrointestinal tract. From Fig. 3, the drug-loading 400 

capacity of resin reached saturation in a relatively short period of time (1 h, 1.07 g/g). 401 

Moreover, the release behavior could be adjusted via the media concentration. In the 402 

in vitro release study, Fig. 5A showed that with the increasing of the concentration of 403 

NaCl solution, the release percentage of the drug-loaded resin increased accordingly. 404 

The release percentage of drug-loaded resin in NaCl solutions with 0.15 and 0.8 mol/l 405 

concentrations were much higher than the 0.05 mol/l solutions, indicating that the 406 

release of drug-loaded resin was a concentration-dependent manner. With the increase 407 

of the media concentration, the number of the anions which replaced TBSS in resin 408 

increased accordingly. Therefore, more TBSS can be released. However, due to the 409 

limitation of the volume and the number of active groups, the exchange capacity of 410 

resin was limited. Therefore, when the medium concentration increased form 0.15 411 

mol/l to 0.80 mol/l, the release percentage had very small growth and the release 412 

amount got the maximum after 2 h (Fig. 5A). We can suppose that because the release 413 

of the drug-loaded resin is mainly influenced by the ionic strength, once orally taken, 414 

the resin will release drug rapidly in the strong electrolyte environment (e.g., in 415 

stomach), thus failed to achieve the colon-targeting. Therefore, we employed Eudragit 416 

S100 to encapsulate the TBS-IER through the in-liquid dying method to prepare the 417 

TBSS-DRM. The results of Fig. 5B suggested that since Eudragit S100 could not 418 

degrade at pH 1.2, TBSS was hardly released at this pH value. However, at pH 6.8, 419 

Eudragit S100 began to degrade and the TBSS-loaded resin was gradually exposed 420 
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and released drugs through ion-exchange between resin and solution. At pH 7.4, 421 

Eudragit S100 was completely degraded and drugs were completely released. 422 

Moreover, with the gradually degradation of Eudragit S100, no burst release occurred 423 

during the release of TBSS. The main reason was that, because of the ion-exchange 424 

between resin and solution-ions, TBSS was gradually released. And the secondary 425 

reason was the PEG 4000 which delayed the drug release. While at pH 7.4, the 426 

Eudragit S100 was completely degraded and the TBSS-loaded resin was completed 427 

exposed to the solution, the ionic strength around the resin significantly increased and 428 

the ion-exchange degree accelerate as well. Therefore, the drug release increased 429 

significantly.  430 

In the in vivo study, the results of mice survival rate and body weight changes 431 

showed that after the treatment of TBSS-DRM, both the survival rate and weight of 432 

mice were increased, thus confirming the good therapeutic effect of TBS on the 433 

experimental colitis. Moreover, the measurement of DAI and MPO activity also 434 

indicted that TBS had good inhibitory effects on the inflammation at the colon site. 435 

And there was no significant difference between the TBSS-DRM group and DXSP 436 

solution group about in therapeutic effect on the TNBS induced colitis mice. However, 437 

long-term or improper use of corticosteroids will cause many side-effects, such as the 438 

risk of opportunistic infection, diabetes mellitus, osteoporosis and the possible 439 

development of steroid-dependent disease.
35-37

 The TBSS-loaded resin encapsulated 440 

in the coating film (Eudragit S100) and hardly released drug at lower pH values (e.g., 441 

at stomach). However, in the colon environment, due to the degradation of Eudragit 442 

S100, the TBSS-loaded resin was exposed to the colon site and began to release TBSS. 443 

Moreover, due to the weak electrolyte concentration and the relatively small volume 444 

of colon, the exchange process of TBSS anions with external ions was relatively 445 

slower and TBSS could be gradually released. Also, with the hydrolysis of SA and BA, 446 

the TBSS-DRM would achieve a synergistic therapeutic effect and a sustained-release 447 

action. In conclusion, this method not only avoided TBSS being hydrolyzed in the 448 

upper digestive tract, but also achieved a similar therapeutic effect as corticosteroids. 449 

 450 
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5. Conclusion 451 

 452 

In this study, a novel prodrug, 3, 4, 5-tributyryl shikimic acid (TBS), was synthesized 453 

by SA and BA through esterification reaction. Then the prodrug was encapsulated in 454 

Amberlite 717 through a batch process. Furthermore, in order to improve the 455 

colon-targeting property and the therapeutic effects of TBSS-IER, the coating 456 

polymer material, Eudragit S100, was employed to encapsulate TBSS-IER to prepare 457 

the colon-targeting drug resin microcapsule (TBSS-DRM) through the in-liquid 458 

drying process. The morphology of the TBSS-IER and TBSS-DRM were 459 

characterized by SEM. The in vitro release study showed that the TBSS-IER exhibited 460 

concentration-dependent release behavior and the TBSS-DRM displayed pH-sensitive 461 

release behavior. In the in vivo study, due to the colon-targeting and ion-exchange 462 

function, TBSS-DRM showed a similar therapeutic effect as compared with 463 

dexamethasone. All results indicated that the prodrug was effective for colitis and the 464 

resin microcapsule system had good colon-targeting property and could be used for 465 

the development of colon-targeting preparations. 466 
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Figure legends 571 

 572 

Scheme 1 Synthesis scheme of 3, 4, 5-tributyryl shikimic acid (TBS). 573 

 574 

Scheme 2 Schematic preparation, administration, and in vivo release behavior of 575 

TBSS-DRM.  576 

 577 

Fig.1 
1
H NMR spectrum of TBS (in CDCl3). 578 

 579 

Fig.2 FTIR spectrum of TBS. 580 

 581 

Fig. 3 The variation of the drug-loading capacity (Q) of resin versus time during the 582 

TBSS-IER preparation.  583 

 584 

Fig. 4 SEM images of TBSS-IER (A), the surface morphology of TBSS-IER (B) and 585 

TBSS-DRM (C). 586 

 587 

Fig. 5 The in vitro release behavior of TBSS-IER in three NaCl solutions of different 588 

concentrations (0.05 mol/l, 0.15 mol/l and 0.80 mol/l) (A) and TBSS-DRM in release 589 

medium with different pH values (B). For figure B, The experiment was successively 590 

conducted at pH 1.2 (from 0 to 2 h), pH 6.8 (from 3 to 6 h) and pH 7.4 (from 7 to 10 591 

h). 592 

 593 

Fig. 6 The influence of TBSS-DRM and DXSP on the body weight changes of mice. 594 

Data are shown as mean ± SD, n=15. 595 

 596 

Fig. 7 The influence of TBSS-DRM and DXSP on the variation of DAI index of mice 597 

(A) and the influence of TBSS-DRM and DXSP on the ultimate DAI index of mice 598 

(B). 
#,*

Mean values with different superscript symbols were significantly different. 599 

##
p<0.01 compared to control group;

 **
p<0.01 compared to TNBS group. Data are 600 
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shown as mean ± SD, n=15. Control control group, TNBS TNBS group, DXSP DXSP 601 

p.o. group, TBSS-DRM TBSS-DRM p.o. group. 602 

 603 

Fig. 8 The influence of TBSS-DRM and DXSP on the activity of MPO in the colon 604 

tissue of mice.
 #,*

Mean values with different superscript symbols were significantly 605 

different. 
##
p<0.01 compared to control group;

 **
p<0.01 compared to TNBS group. 606 

Control control group, TNBS TNBS group, DXSP DXSP p.o. group, TBSS-DRM 607 

TBSS-DRM p.o. group. 608 

 609 
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Figures 

 

 

Scheme 1 Synthesis scheme of 3, 4, 5-tributyryl shikimic acid (TBS). 
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Scheme 2 Schematic preparation, administration, and in vivo release behavior of 

TBSS-DRM.  
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Fig.1 
1
H NMR spectrum of TBS (in CDCl3). 
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Fig.2 FTIR spectrum of TBS. 
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Fig. 3 The variation of the drug-loading capacity (Q) of resin versus time during the 

TBSS-IER preparation.  
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Fig. 4 SEM images of TBSS-IER (A), the surface morphology of TBSS-IER (B) and 

TBSS-DRM (C). 
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                 A                                   B 

Fig. 5 The in vitro release behavior of TBSS-IER in three NaCl solutions of different 

concentrations (0.05 mol/l, 0.15 mol/l and 0.80 mol/l) (A) and TBSS-DRM in release 

medium with different pH values (B). For figure B, The experiment was successively 

conducted at pH 1.2 (from 0 to 2 h), pH 6.8 (from 3 to 6 h) and pH 7.4 (from 7 to 10 

h). 
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Fig. 6 The influence of TBSS-DRM and DXSP on the body weight changes of mice. 

Data are shown as mean ± SD, n=15. 
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A                                  B 

Fig. 7 The influence of TBSS-DRM and DXSP on the variation of DAI index of mice 

(A) and the influence of TBSS-DRM and DXSP on the ultimate DAI index of mice 

(B). 
#,*
Mean values with different superscript symbols were significantly different. 

##
p<0.01 compared to control group;

 **
p<0.01 compared to TNBS group. Data are 

shown as mean ± SD, n=15. Control control group, TNBS TNBS group, DXSP DXSP 

p.o. group, TBSS-DRM TBSS-DRM p.o. group. 
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Fig. 8 The influence of TBSS-DRM and DXSP on the activity of MPO in the colon 

tissue of mice.
 #,*

Mean values with different superscript symbols were significantly 

different. 
##
p<0.01 compared to control group;

 **
p<0.01 compared to TNBS group. 

Control control group, TNBS TNBS group, DXSP DXSP p.o. group, TBSS-DRM 

TBSS-DRM p.o. group. 
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Tables 

 

Table 1. The assay criteria of o-benzidine to determine the fecal occult blood of mice. 

Results Phenomenon 

Normal No color occurred after adding reagents for 2 min 

Occult blood+ 
Light blue occurred at first, then turn blue after adding reagents 

for 10 s 

Occult blood++ 
Light blue occurred at first, then turn brown after adding 

reagents 

Occult blood+++ Brown occurred immediately after adding reagents 
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