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Abstract: Nano bio-MOF compounds 6–8 (cobalt argeninate, cobalt asparaginate, and cobalt 

glutaminate) have been evaluated for successful in vitro drugs adsorption of four drugs, terazosine, 

telmisartan, glimpiride and rosuvastatin. TGA and PXRD spectra of all these materials in pure form 

and after drugs adsorption have also been recorded to elaborate the phenomenon of in vitro drugs 

adsorption in these materials. The amounts of adsorbed drugs and their slow release from all these 

materials have been monitored by the high performance liquid chromatography (HPLC). 
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Metal Organic Frameworks (MOFs) have received over a decade’s worth of attention from 

different aspects of significance [1,2]. Yet new areas are being explored day by day. Bio-metal 

organic frameworks (Bio-MOFs) are actually a subclass of MOFs [3]. These materials contain 

biomolecules as linkers and biocompatible metal cations as connectors [4]. MOFs can be scaled 

down to the nano-regime to form nanoscale metal-organic frameworks (nano-MOFs). Recently some 

nanoscale MOFs have been reported [5]. Although a large number of the bulk MOF materials have 

been synthesized and characterized up till now, but with the passage of time, the number of research 

reports on the nano-MOFs are also increasing day by day [6]. Nano-bio-MOFs are the nano-sized 

MOF materials containing biomolecules and biocompatible metal cations. This emerging class of 

nano-bio-MOFs can be considered as promising candidates for the drug adsorption and controlled 
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release due to their large surface areas, high porosity, and presence of biocompatible linker 

molecules [7]. 

Wuttke et al. have reported that MOFs materials can be designed and tuned accordingly and 

have been used successfully as nano-carriers with more potential compared with previously used 

drugs carrier materials [8–10]. Roder et al. have also reported the successful use of nano-sized MOF 

materials for drugs delivery. Due to their smaller size and high surface areas, these MOF materials 

are used as targeted drugs delivery vehicles. Several other research reports also reveal the use of 

nano-sized MOFs in the field of drugs delivery [11–14]. 

Sattar et al. [15] have reported the hydrothermal synthesis of three nano bio-MOFs compounds 

6–8 (cobalt argeninate, cobalt asparaginate and cobalt glutaminate respectively). These compounds 

have been hydrothermally synthesized and characterized by Scanning Electron Microscopic (SEM) 

studies. Photocatalytic hydrogen production of these three compounds have been evaluated. These 

compounds can exhibit mulitifunctional properties. The present work comprises of the drugs 

adsorption studies of these three nano-bio-MOF compounds 6–8. N2 adsorption experiments of all 

these compounds have been recorded. In vitro drugs adsorption of four different drugs of all these 

compounds have been evaluated. Thermogravimetric analysis (TGA) and powder X-ray Diffraction 

Analysis (Powder XRD) patterns of all these compounds in pure form and after drugs adsorption 

have been recorded. The amounts of adsorbed drugs and its slow release after intervals have been 

monitored through the High Performance Liquid Chromatography (HPLC). 

BET specific surface areas of compounds 6, 7 and 8 have been determined as 2400 m
2
·g

−1
,  

2500 m
2
·g

−1
 and 2200 m

2
·g

−1
 respectively with a pore size of 10 Å by using BET-method based on 

calculations of N2 adsorption isotherm data. Figure 1 represents the N2 adsorption isotherm of 

compound 6, 7 and 8. 

Four types of drugs (terazosine hydrochloride, telmisartan, glimpiride and rosuvastatin) have 

been adsorbed into compounds 6, 7 and 8. It was also elaborated that some pores were blocked after 

the drugs adsorptions thus decreasing the specific surface areas of this material as shown in Figure 1. 

TGA plots of the as synthesized and drugs adsorbed compounds 6–8 were carried out on a SDT 

Q600 by heating the compounds from 0 to 600 ℃ at a heating rate of 10 ℃/min.  

TGA plot of compound 6 (Figure 2a) in pure form shows first weight loss of 8% at 120 ℃ 

which is due to the loss of coordinated water molecule. Then up to 300 ℃ the framework shows 

stability with no weight loss. Second weight loss is observed at 300 ℃, which continues up to 385 ℃ 

with a 55% weight loss indicating the start of framework decomposition along with ligands. Then 

slow decomposition of framework continues gradually until the whole framework decomposes at 

560 ℃ and finally the metal oxides are left. TGA plot of terazosine adsorbed compound 6 (Figure 2b) 

shows a weight loss of 7% at 45 ℃, which is attributed to the loss of drug molecules. At 170 ℃, the 

framework shows 4% weight loss which is due to the loss of coordinated water molecule. Then the 

framework starts to decompose. At 185 ℃ second loss of mass is observed. After that, the 

framework remains intact till 280 ℃, and at 285 ℃, the framework starts to decompose and this 

decomposition continues up to 380 ℃ with a weight loss of 58%. The whole framework decomposes 

along with remaining terazosine up to 590 ℃. TGA plot of telmisartan adsorbed compound 6 (Figure 

2c) shows a weight loss of 5% at 40 ℃ which is due to the loss of telmisartan. At 150 ℃, a second 

loss of weight of 5% shows the loss of water molecules. At 250 ℃, the framework starts to 
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decompose which continues till 300 ℃ with a maximum weight loss of 59%. TGA plot of glimpiride 

adsorbed compound 6 at 25 ℃ (Figure 2d) shows first weight loss of 4% which is due to the removal 

of glimpiride. Then the framework remains intact up to 120 ℃, and at this temperature framework 

shows a weight loss of 4% up to 190 ℃ which is due to removal of coordinated water molecule. At 

280 ℃, the decomposition of the framework and ligands starts which continues till 330 ℃ with 

weight loss of 58%. The thermogram of rosuvastatin adsorbed compound 6 (Figure 2e) shows first 

weight loss of 4% at 30 ℃ which is due to the removal of drug. Then the framework shows stability 

up to 115 ℃ and at this temperature framework shows a weight loss of 4% up to 130 ℃ which is due 

to removal of coordinated water molecules. After 230 ℃, the decomposition of the framework and 

ligands starts which continues till 555 ℃ with maximum weight loss of 58%. No further weight loss 

observed in the remaining range studied. 

TGA plot of compound 7 in pure form (Figure 3a) shows first weight loss of 4% at 180 ℃ 

which is due to the loss of coordinated water molecule. Second weight loss is observed at 280 ℃ due 

to start of framework decomposition, which gradually and slowly continues up to 580 ℃ with a 30% 

loss of mass until the whole framework decomposes with the formation of metal oxides. TGA plot of 

terazosine adsorbed compound 7 (Figure 3b) shows a weight loss of 5% at 60 ℃, which is due to the 

loss of drug molecules. Then the framework shows stability up to 180 ℃. Second loss of mass at 

180 ℃ is observed and this 9% weight loss is due to the loss of coordinated water molecule. After 

that, the framework remains intact till 280 ℃, and at 280 ℃, the framework starts to decompose and 

this decomposition continues up to 380 ℃ with a weight loss of 58%. The whole framework 

decomposes along with remaining terazosine up to 590 ℃. TGA plot of telmisartan adsorbed 

compound 7 (Figure 3c) shows a weight loss of 4% at 40 ℃ which is due to the loss of telmisartan. 

Another weight loss of 8% at 150 ℃ shows the loss of coordinated water molecule. Then the 

framework starts to decompose at 250 ℃ which continues till 300 ℃ with a maximum weight loss of 

59%. A plot of glimpiride adsorbed compound 7 (Figure 3d) shows first weight loss of 4% at 50 ℃ 

which is due to the removal of glimpiride. At 170 ℃, the framework shows a weight loss of 8% up 

to 190 ℃ which is due to removal of water molecules. At 280 ℃, the decomposition of the 

framework and ligands starts which continues till 560 ℃ with weight loss of 58%. A TGA plot of 

rosuvastatin adsorbed compound 7 (Figure 3e) shows first weight loss of 3% at 45 ℃ which is due to 

the removal of drug. At 175 ℃, framework shows a weight loss of 8% up to 190 ℃ which is due to 

removal of water molecules. At 285 ℃, the decomposition of the framework and ligands starts which 

continues till 560 ℃ with weight loss of 58%. No further weight loss observed in the remaining 

range studied. 
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(e) (f) 

Figure 1. (a) N2 adsorption isotherm of compound 6, (b) BET surface area of compound 

6, (c) N2 adsorption isotherm of compound 7, (d) BET surface area of compound 7, (e) 

N2 adsorption isotherm of compound 8, (f) BET surface area of compound 8 (A: Pure, B: 

after terazosine hydrochloride loading, C: after telmisartan loading, D: after glimpiride 

loading, E: after rosuvastatin loading). 
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(a) (b) 

  
(c) (d) 

 

 

(e)  

Figure 2. TGA plot of compound 6, (a) Pure, (b) after terazosine hydrochloride loading, 

(c) after telmisartan loading, (d) after glimpiride loading, (e) after rosuvastatin loading. 
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(a) (b) 

  
(c) (d) 

 

 

(e)  

Figure 3. TGA plot of compound 7, (a) Pure, (b) after terazosine hydrochloride loading, 

(c) after telmisartan loading, (d) after glimpiride loading, (e) after rosuvastatin loading. 
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The thermogram of compound 8 (Figure 4a) in pure form shows first weight loss of 5% at  

129 ℃ which is due to the loss of water. Then up to 270 ℃, the framework remains intact, after that, 

the decomposition of framework starts along with ligands which continues till 320 ℃ with major 

weight loss of 60%. Decomposition continues gradually until 600 ℃ which weight loss of 68% 

shows complete decomposition of framework and formation of metal oxides. The thermogram of the 

terazosine loaded compound 8 (Figure 4b) indicates the first weight loss of 10% at 53 ℃ which is 

due to the loss of adsorbed terazosine molecules. Then up to 140 ℃, the framework shows stability, 

after that, weight loss of 25% can be observed up to 160 ℃ which is due to removal of water 

molecules. Gradual decomposition of framework and ligands starts after 300 ℃ and continues 

gradually till 590 ℃ with 60%. Thermogram of telmisartan loaded compound 8 (Figure 4c) indicates 

the first weight loss of nearly 6% at 30 ℃ which is due to the loss of adsorbed telmisartan molecules. 

Then up to 150 ℃, the framework shows stability, after that a weight loss of 10% is observed up to 

155 ℃ which is due to the loss of coordinated water molecule. Then a gradual decomposition of 

framework and ligands starts which continues till 590 ℃ with maximum weight loss of 65%. While 

thermogram of glimpiride loaded compound 8 (Figure 4d) indicates the first weight loss of nearly 5% 

at 45 ℃ which is due to the loss of adsorbed glimpiride molecules. The framework shows stability 

for some time and at 175 ℃ the weight loss of 10% is observed which is due to the loss of 

coordinated water molecule. Then up to 340 ℃, the framework remains intact, after that gradual 

decomposition of framework and ligands starts which continues till 598 ℃ with maximum weight 

loss of 45%. The plot of rosuvastatin loaded compound 8 (Figure 4e) indicates the first weight loss of 

4% at 50 ℃ which is due to the loss of adsorbed drug molecules. At 150 ℃, a weight loss of 8% is 

due to the loss of water molecules. Then up to 340 ℃, the framework remains intact, after that 

gradual decomposition of framework and ligands starts which continues till 556 ℃ with maximum 

weight loss of 50%. No further weight loss observed for the remaining range studies. 

PXRD patterns of compounds 6–8 were recorded as described in Figure 5. Powder XRD 

patterns of all these new synthesized materials after drugs adsorption have revealed the permanent 

crystalline integrity of these compounds as these have retained its crystallinity even after soaking in 

water for several days.  

For estimation of the drugs in the synthesized materials, High Performance Liquid 

Chromatography was performed on a Waters 2695 separation module. 0.139 g/g terazosine 

hydrochloride, 0.090 g/g telmisartan, 0.117 g/g glimpiride and 0.129 g/g rosuvastatin have been 

estimated in compound 6 with a maximum release time of 3, 3, 3 and 3 d respectively. 0.195 g/g 

terazosine, 0.055 g/g telmisartan, 0.138 g/g glimpiride and 0.095 g/g rosuvastatin were detected in 

compound 7. These adsorbed amounts of drugs were slowly released from the compound after 

different time intervals. The maximum release time of these drugs was 5, 3, 1 and 3 d respectively. 

The adsorbed amounts of drugs terazosine, telmisartan, glimpiride and rosuvastatin were  

0.071 g/g, 0.086 g/g, 0.135 g/g, 0.094 g/g in compound 8. Slow release of these drugs from 

compound 8 was observed through HPLC. The maximum release times were 1, 3, 3 and 1 d 

respectively. Table 1 gives summative information about the drugs adsorption capacities of 

compounds 6–8. 



515 

AIMS Materials Science  Volume 5, Issue 3, 508–518. 

  
(a) (b) 

  
(c) (d) 

 

 

(e)  

Figure 4. TGA plot of compound 8, (a) Pure, (b) after terazosine hydrochloride loading, 

(c) after telmisartan loading, (d) after glimpiride loading, (e) after rosuvastatin loading. 
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Figure 5. PXRD pattern of compound 6, (a) Pure, (b) after terazosine hydrochloride 

loading, (c) after telmisartan loading, (d) after glimpiride loading, (e) after rosuvastatin 

loading. PXRD pattern compound 7, (f) Pure, (g) after terazosine hydrochloride loading, 

(h) after telmisartan loading, (i) after glimpiride loading, (j) after rosuvastatin loading. 

PXRD pattern of compound 8, (k) Pure, (l) after terazosine hydrochloride loading, (m) 

after telmisartan loading, (n) after glimpiride loading, (o) after rosuvastatin loading. 
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Table 1. A comparision of the drugs storage capacities of compounds 6–8. 

Synthesized porous 

compounds 

Specific Surface 

areas (m2/g) 

Pore sizes 

(Å) 

Names of drugs 

loaded in materials 

Drugs loading 

capacity (%)  

Time of release 

(days) 

Compound 6 2400 10 Terazosine 

hydrochloride 

0.139 3 

Telmisartan 0.090 3 

Glimpiride 0.117 3 

Rosuvastatin 0.129 3 

Compound 7 2500 10 Terazosine 

hydrochloride 

0.195 5 

Telmisartan 0.055 1 

Glimpiride 0.138 3 

Rosuvastatin 0.095 3 

Compound 8 2200 10 Terazosine 

hydrochloride 

0.072 1 

Telmisartan 0.086 3 

Glimpiride 0.135 3 

Rosuvastatin 0.094 1 

Figures in Supporting Information indicate the HPLC peaks for the estimation of adsorbed 

drugs in the channels of compounds 6–8 and their slow release after different time periods. All the 

details of HPLC parameters used for HPLC studies have been given in Tables S1 and S2 in 

Supporting Information). 

In conclusion, the present work directs towards the multifunctional use of some nanosized bio-

MOFs which were previously used for photocatalysis and now have been successfully utilized for the 

in vitro adsorption of terazosine, telmisartan, glimpiride and rosuvastatin drugs. This work also 

describes the more potential use of nanoscale bio-MOFs for drugs adsorption compared with 

previously used large sized carrier materials. Moreover, successful in vitro drug adsorption 

experiments on these nanosized materials will lead to their use for in vivo drugs adsorption as well as 

for the welfare of humans in medical grounds. 
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