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at -3.4 ppm. The CEST contrast difference in these two 
liposomal hydrogels was attributed to the dilution 
effect during hydrogel preparation. Consequently, the 
CEST contrast of BAL in liposomal alginate hydrogel 
was 1.5 times lower than that in liposomal HAMC. 
Besides, there were two CEST contrasts at 1.0 and -1.4 
ppm from the HAMC hydrogel. The contrast at 1.0 
ppm corresponded to HA as reported and contrast at 
-1.4 ppm for MC was first reported here [20-22, 63]. 

To support the potential application in GBM 
treatment, we further measured the release profile of 
gemcitabine (Gem) from our liposomal hydrogels. 

Gem has a solubility (22.3 mg/mL) comparable to BA 
(25 mg/mL). It has been applied to treat GBM [64-66]. 
The physiochemical properties of resulting 
Gem-loaded liposomes were listed in the Table S2, 
showing comparable encapsulation efficiency to 
BA-loaded liposomes. Furthermore, the cumulative 
release of Gem (64.28 ± 1.60% over 3 days, Figure S5) 
was comparable to BA (60.89 ± 0.89% at 3 days) from 
liposomal hydrogel (Figure S7). This demonstrated 
that the liposomal hydrogel we developed in this 
study is suitable for a sustainable release of Gem in 
GBM local treatment.  

 
 

 
Figure 3. B1 optimization and CEST properties of BA-liposomes (BAL, n=3). (A), (B), and (C) are Z-spectra and corresponding CEST contrasts of BAL (with 75 mg/mL lipids) 
under various B1 powers; (D), (E) and (F) are Z-spectra, corresponding CEST contrast, and maps at 5 ppm and -3.4 ppm of various BAL formulations. 

 

 
Figure 4. CEST properties of liposomal hydrogels (n=3). (A) and (B) are Z-spectra, corresponding CEST contrasts, and parametric maps of liposomal alginate and HAMC 
hydrogels. 




















