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1. INTROD8CTION 

ConYenW൴onal foUmXlaW൴onV VXch aV S൴llV, WableWV, caSVXleV, 
eWc. aUe VX൴Wable foU VSec൴f൴c d൴VeaVeV V൴nce moXWh d൴VeaVeV 
and ZoXndV UeTX൴Ue Whe WoS൴cal aSSl൴caW൴on of Whe dUXg ൴n Whe 
affecWed aUea. MoUeoYeU, conYenW൴onal dUXg del൴YeU\ V\VWemV 
haYe VhoZn UedXced WheUaSeXW൴c eff൴cac\, UeTX൴Ue UeSeaWable 
doVeV Wo ach൴eYe Whe WheUaSeXW൴c oXWcome d൴m൴n൴Vh൴ng SaW൴enW 
comSl൴ance and UeVXlW൴ng ൴n SoVV൴ble Wo[൴c൴W\ [1]. ThXV, Whe 
SUeSaUaW൴on of ൴nnoYaW൴Ye foUmXlaW൴onV WhaW can ach൴eYe 
conWUolled dUXg UeleaVe and UedXced Wo[൴c൴W\ ൴V a YeU\ 
V൴gn൴f൴canW f൴eld foU ShaUmaceXW൴cal Wechnolog൴VWV. Local dUXg 
del൴YeU\ ൴V VX൴Wable foU d൴VeaVeV of Whe moXWh oU ZoXndV V൴nce 
൴W acWV ൴n Whe deV൴Ued W൴VVXe loZeU൴ng Whe SoVV൴b൴l൴W\ of adYeUVe 
effecWV [2-4].   

TheUe aUe YaU൴oXV UeSoUWed d൴VoUdeUV of Whe oUal caY൴W\ 
VXch aV XlceUV (mal൴gnanW, WUaXmaW൴c), VoUeV, VWomaW൴W൴V, oUal 
൴nfecW൴onV fUom SaWhogenV (fXng൴, bacWeU൴a Y൴UXVeV) [5-7] WhaW 
VhoXld be WUeaWed Wo aYo൴d an\ haUmfXl eYenWV. RecXUUenW 
aShWhoXV VWomaW൴W൴V ൴V among Whe moVW common moXWh 
d൴VeaVeV Zh൴ch affecW man\ SeoSle; ൴W ൴V a Sa൴nfXl cond൴W൴on 
deVcU൴bed aV VoUeV of gUa\൴Vh-Zh൴We SVeXdomembUane 
VXUUoXnded b\ an eU\WhemaWoXV halo [8,9]. IW haV been 
UeSoUWed WhaW ൴WV SaWhogeneV൴V ൴V XnknoZn and WhXV aShWhoXV 

VWomaW൴W൴V WUeaWmenW oSW൴onV moVWl\ a൴m Wo UedXce Whe 
V\mSWomV and Whe൴U dXUaW൴on. VaU൴oXV dUXgV haYe been 
SUoSoVed foU WheUaSeXW൴c managemenW aV anW൴bacWeU൴al, anW൴-
ac൴d൴c, and anW൴neoSlaVW൴c agenWV aV Zell aV anW൴-൴nflammaWoU\ 
and ൴mmXnomodXlaWoU\ agenWV [8,10,11]. Sem൴Vol൴d, l൴TX൴d 
and Vol൴d foUmXlaW൴onV aUe Whe moVW commonl\ XVed W\SeV of 
dUXg caUU൴eUV deV൴gned foU Whe oUal caY൴W\; noneWheleVV, Whe\ 
SUeVenW loZ UeWenW൴on W൴me UeTX൴U൴ng fUeTXenW ൴nVWallaW൴on. 
ThXV, Whe gell൴ng V\VWemV (৻Q V৻WX gelV, h\dUogelV, eWc.) aUe 
SUoSoVed aV eff൴c൴enW caUU൴eUV foU oUal caY൴W\ d൴VoUdeUV V൴nce 
Whe൴U gell൴ng caSac൴W\ can SUeYenW Whem fUom be൴ng 
VZalloZed [3,12,13]. 

AnoWheU dUXg del൴YeU\ UoXWe WhaW belongV Wo local dUXg 
del൴YeU\ ൴V WhaW of ZoXnd oU deUmal del൴YeU\ [14,15]. WoXndV 
aUe deU൴Yed fUom ൴njXU\ of Whe Vk൴n WhaW noUmall\ healed. 
HoZeYeU, ൴f Whe ZoXnd heal൴ng SUoceVV ൴V ൴mSa൴Ued foU an\ 
UeaVon, Whe ZoXnd Z൴ll heal VloZl\ oU noW healed aW all. 
ChUon൴c ZoXndV can be colon൴]ed b\ fXng൴, bacWeU൴a, oU Y൴UXV 
UeVXlW൴ng ൴n med൴cal healWh cond൴W൴onV aV bacWeUem൴a, oU 
VeSV൴V WhaW can be faWal [16,17]. WoXnd managemenW coXld 
coVW maVV൴Ye e[SenVeV Wo healWh V\VWemV. ConVeTXenWl\, 
med൴cal SUacW൴W൴oneUV caUefXll\ e[am൴ne ZoXndV Wo SUoY൴de 
Whe moVW effecW൴Ye ZoXnd dUeVV൴ng [18,19]. WoXnd dUeVV൴ngV 
aUe aSSl൴ed on Whe oSen ZoXnd Zh൴le YaU൴oXV dUeVV൴ng W\SeV 
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  CXUUenWl\, deVign and deYeloSmenW of foUmXlaWionV foU Whe oUal caYiW\ and local aSSlicaWion iV a 
UaWheU challenging SUoceVV Vince Whe comSonenWV VhoXld be non-iUUiWanW and SUoYide Uelief. 
H\dUogelV-baVed dUXg deliYeU\ V\VWemV haYe been SUoSoVed aV VXiWable candidaWeV foU oUal 
mXcoVal (eg, bXccal, VXblingXal, SalaWal, gingiYal) and local (deUmal) dUXg deliYeU\ (eg, ZoXnd 
dUeVVingV). HeUein, Whe h\dUogelV ZeUe SUeSaUed b\ CaUboSol 934, SodiXm caUbo[\meWh\l 
cellXloVe aV Zell aV WheiU combinaWion blendV Wo deYeloS efficienW h\dUogelV ZiWh WXnable 
acWiYiWieV. The h\dUogelV ZeUe chaUacWeUi]ed in WeUmV of WenVile WeVWing, and Sh\Vicochemical 
SUoSeUWieV (SH, claUiW\). FoXUieU-TUanVfoUmed InfUaUed SSecWUoVcoS\ (FT-IR) ZaV XVed Wo 
eYalXaWe an\ SoVVible inWeUacWionV beWZeen Whe comSonenWV oU an\ neZl\ deYeloSed b\-SUodXcWV 
Zhich can lead Wo Wo[iciW\. The F2/F5 foUmXlaWion, SH (5.86�0.084), YiVcoViW\ (13305�1209), 
fiUmneVV (39.92�0.77), conViVWenc\ (356.27�9.01), coheViYeneVV (-28.58�0.81), and ZoUk of 
coheVion (-231.31�15.02) YalXeV ZeUe foXnd Wo be Whe moVW VXiWable foUmXlaWion. AccoUding Wo 
Whe UeVXlWV and Whe XVe of biocomSaWible ingUedienWV, Whe SUeSaUed h\dUogelV SUeVenW SUomiVing 
chaUacWeUiVWicV being VXiWable candidaWeV foU moXWh aSSlicaWion. FXWXUe VWXdieV Zill inYolYe Whe 
loading of acWiYe molecXleV and VWXd\ing WheiU SUoSeUWieV. 
 

KH\ZRUGV: 

CaUboSol 
CaUbo[\meWh\l cellXloVe 
H\dUogelV 
Local dUXg deliYeU\ 
Mechanical acWiYiW\  
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haYe been ൴denW൴f൴ed. FoU e[amSle, foam, gelV, alg൴naWe, 
collagen, and oWheU dUeVV൴ngV aUe XVed ൴n cl൴n൴cal SUacW൴ce 
[20]. OWheU ൴nnoYaW൴Ye dUeVV൴ngV m൴ghW ൴nclXde nanoSaUW൴cleV, 
naWXUal SlanWV, dUXgV, oU oWheU b൴olog൴cal agenWV WhaW can 
acceleUaWe Whe ZoXnd heal൴ng SUogUeVV [16,21,22]. H\dUogel-
baVed membUaneV aUe Z൴del\ aSSl൴ed aV ZoXnd del൴YeU\ 
caUU൴eUV [23,24]. The XVe of WoS൴cal dUeVV൴ngV deU൴Yed fUom 
Sol\meUV Z൴Wh h\dUogel SUoSeUW൴eV haV been VWXd൴ed aV a 
SUoSh\lacW൴c SUocedXUe Wo SUeYenW V\VWem൴c ൴nfecW൴on [15,25]. 

Gel-baVed V\VWemV ൴.e. h\dUogelV haYe been SUoSoVed foU 
boWh local and V\VWem൴c WUeaWmenW aSSl൴caW൴onV dXe Wo Whe൴U 
b൴ocomSaW൴b൴l൴W\ and WXnable SUoSeUW൴eV VXch aV conWUolled 
UeleaVe, b൴odegUadab൴l൴W\ [26]. H\dUogelV aUe comSU൴Ved of a 
neWZoUk of cUoVV-l൴nked h\dUoSh൴l൴c cha൴n Sol\meU WhaW ൴V 
h\dUoSh൴l൴c WhaW can f൴nd aV a collo൴dal gel ൴n ZaWeU. WaWeU 
acWV aV Whe d൴VSeUV൴on med൴Xm and VhoXld conVW൴WXWe aW leaVW 
10% of Whe WoWal YolXme Vo aV Whe maWeU൴al Wo be a h\dUogel 
[27]. The h\dUogelV can XndeUgo a Vol-gel ShaVe oU YolXme 
ShaVe WUanV൴W൴on dXe Wo Sh\V൴cal and chem൴cal VW൴mXl൴ 
UeVSonVe. MoUe VSec൴f൴call\, WemSeUaWXUe, elecWU൴c and 
magneW൴c f൴eldV, VolYenW comSoV൴W൴on, SUeVVXUe aUe Sh\V൴cal 
VW൴mXl൴, ZheUeaV SH and ൴on changeV aUe chem൴cal VW൴mXl൴ [28
-31]. Th൴V WUanV൴W൴on ൴V moVWl\ UeYeUV൴ble V൴nce aV Voon aV Whe 
WU൴ggeU facWoU UemoYeV Whe h\dUogelV can UeWXUn Wo Whe൴U ൴n൴W൴al 
foUm [27]. VaU൴oXV V\nWheW൴c and naWXUal macUomolecXleV 
haYe been emSlo\ed foU h\dUogel SUeSaUaW൴on. CaUboSol (CP) 
൴V a h൴gh molecXlaU Ze൴ghW, h\dUoSh൴l൴c, and cUoVV-l൴nked 
Sol\acU\l൴c ac൴d Sol\meU Zh൴ch can become VZollen Zhen 
conWacWed Z൴Wh ZaWeU [32]. CP-baVed h\dUogelV haYe been 
UeSoUWed aV SoWenW൴al V\VWemV foU oUal mXcoadheV൴Ye dUXg 
del൴YeU\ [33,34]. CaUbo[\meWh\lcellXloVe (CMC) ൴V an 
an൴on൴c h\dUoSh൴l൴c cellXloVe deU൴YaW൴Ye boXnd൴ng Z൴Wh 
caUbo[\meWh\l gUoXSV. CMC ൴V XVed ൴n V\UXS and VaXce 
foUmXlaW൴onV Wo ൴ncUeaVe Y൴VcoV൴W\ Zh൴le ൴W haV been Z൴del\ 
foXnd ൴n dUXg del൴YeU\ and W൴VVXe eng൴neeU൴ng aSSl൴caW൴onV 
[35-37]. CMC ൴V moVWl\ XVed aV ൴WV Vod൴Xm ValW (Na-CMC). 
In Wh൴V VWXd\, Ze haYe condXcWed SUel൴m൴naU\ ZoUk on Whe 
deYeloSmenW of SoWenW h\dUogelV foU SoWenW൴al local dUXg 
del൴YeU\ aSSl൴caW൴onV. TZo Sol\meUV (CP and Na-CMC) ZeUe 
choVen foU Whe SUeSaUaW൴on of h\dUogelV Zh൴ch can SoWenW൴all\ 
be aSSl൴ed aV local foUmXlaW൴onV conV൴deU൴ng Whe൴U 
b൴ocomSaW൴b൴l൴W\ and Wo[൴colog൴cal VafeW\ SUof൴le. AlVo, Whe 
SXUe h\dUogelV blended Wo foUm m൴[WXUeV Z൴Wh d൴ffeUenW 
mechan൴cal SUoSeUW൴eV and SH YalXeV. 

2. MATERIALS AND METHODS  

2.1. MDWHULDOV 

CaUboSol (CP) 934 and VodiXm caUbo[\meWh\l cellXloVe 
(Na-CMC) ZeUe SXUchaVed fUom Do÷a ølac, TXUke\. In Whe 
VWXd\, diVWilled aTXeoXV media ZaV aSSlied. The oWheU 
chemical UeagenWV and VolYenWV ZeUe of anal\Wical gUade. 

2.2. MHWKRGV 

2.2.1. PUHSDUDWLRQ RI WKH K\GURJHOV 

The SUeSaUaW൴on of gel foUmXlaW൴onV ZaV condXcWed XV൴ng 
d൴ffeUenW concenWUaW൴onV (0.5%, 1.0%, 1.5%, Z/Z) of CP 934 
and Na-CMC. The Sol\meUV and Whe ZaWeU ZeUe added Wo Whe 
beakeU and m൴[ed Z൴Wh magneW൴c VW൴UU൴ng foU 3 hoXUV. F1/F4, 
F2/F5, and F3/F6 foUmXlaW൴onV (blended h\dUogelV) ZeUe 
SUeSaUed b\ m൴[൴ng 50% Z/Z fUom each foUmXlaW൴on and 

magneW൴call\ VW൴UUed foU 3 hoXUV. TDEOH 1 deS൴cWV Whe 
comSoV൴W൴on of Whe deYeloSed h\dUogelV. 

TDEOH 1. CRPSRVLWLRQ RI WKH GHYHORSHG K\GURJHOV  

2.2.2. FT-IR VSHFWURVFRS\ DQDO\VLV 

The SUeSaUed h\dUogelV ZeUe VXbjecWed Wo FT-IR anal\ViV 
XVing ATR-FTIR (AWWenXaWed ToWal ReflecWion FoXUieU 
TUanVfoUm InfUaUed) VSecWUoVcoS\ (FTIR-VSecWUomeWeU FTIR-
2000 (PeUkin ElmeU, USA). FT-IR VSecWUa ZeUe UecoUded 
oYeU a VSecWUal Uegion fUom 4000 Wo 400 cmí1 Wo aVcUibe Whe 
fXncWion gUoXSV of Whe h\dUogel VamSleV [38]. 

2.2.3. ASSHDUDQFH  

The deYeloSed h\dUogelV ZeUe inVSecWed YiVXall\ foU WheiU 
claUiW\, coloU, and SaUWicle conWenW. 

2.2.4. SH PHDVXUHPHQW  

The SH YalXeV of Whe h\dUogel foUmXlaWionV ZeUe 
deWeUmined b\ a digiWal SH-meWeU (MeWWleU Toledo, 
SZiW]eUland). The elecWUode ZaV inVeUWed inWo Whe h\dUogel 
and conVWanW YalXe ZaV noWed. The meaVXUemenWV ZeUe 
UeSeaWed WhUee WimeV aW 25�0.5 �C. 

2.2.5. 9LVFRVLW\  

The YiVcoViWieV of h\dUogel foUmXlaWionV ZeUe meaVXUed 
XVing BUookfield RV-10 YiVcomeWeU aW 25�C (BUookfield, 
USA). 

2.2.6. MHFKDQLFDO SURSHUWLHV  

The mechanical SUoSeUWieV WeVWed XVing a VofWZaUe-
conWUolled SeneWUomeWeU TA-XT PlXV Te[WXUe Anal\]eU 
(SWable MicUo S\VWemV, SXUUe\, UK) eTXiSSed ZiWh a 5 kg 
load cell. Each foUmXlaWion (50 g) ZaV WUanVfeUUed Wo a 100 
mL beakeU and lefW in an XlWUaVonic baWh foU aboXW one hoXU Wo 
UemoYe aiU bXbbleV. In Whe VWXd\ XVing a PeUVSe[ SUobe of 10 
mm diameWeU; Whe WeVW ZaV caUUied oXW aW a SUeWeVW VSeed of 2 
mm/V, SoVW-WeVW VSeed of 2 mm/V, WeVW VSeed of 2 mm/V, 
WUiggeU foUce of 0.001 N, comSUeVVion deSWh Wo Whe gel in each 
oSeUaWion of 10 cm, dela\ SeUiod beWZeen WZo comSUeVVionV 
of 10 V. The mechanical SUoSeUWieV of all h\dUogelV ZeUe 
calcXlaWed XVing Whe Te[WXUe E[SonenW 4.0.4.0 VofWZaUe 
Sackage of Whe inVWUXmenW [25,26]. All e[SeUimenWV ZeUe 
UeSeaWed WhUee WimeV aW 25�0.5�C [39-41]. 

3. RES8LTS AND DISC8SSION 

CP and CMC ZeUe choVen Wo SUeSaUe h\dUogel 
foUmXlaWionV dXe Wo WheiU h\dUoShiliciW\, biocomSaWibiliW\-
biodegUadabiliW\ aV Zell aV mXcoadheVion SUoSeUWieV 
[31,42,43]. ThUoXghoXW Whe liWeUaWXUe, YaUioXV concenWUaWionV 
of Whe Sol\meUV ZeUe XVed foU Whe SUeSaUaWion of h\dUogelV; 
heUein, Ze decide Wo chooVe WhUee diffeUenW concenWUaWionV 
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CRGH 
CRQFHQWUDW൴RQ % (Z/Z) 

CDUERSRO 
(CP) 934 

CDUER[\PHWK\O-FHOOXORVH 
(ND-CMC)  :DWHU  

F1 0.5 - 99.5 
F2 1.0 - 99.0 
F3 1.5 - 98.5 
F4 - 0.5 99.5 
F5 - 1.0 99.0 
F6 - 1.5 98.5 
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(0.5%, 1%, 1.5%, Z/Z) foU SXUe h\dUogelV Zhile Whe blendV 
of h\dUogelV ZeUe deYeloSed XVing 50% of Whe SXUe 
h\dUogelV. The blending SUocedXUe haV been idenWified aV a 
VXiWable SUoceVV foU obWaining foUmXlaWionV ZiWh diffeUenW 
SUoSeUWieV. MoVW of Whe Sh\Vicochemical YalXeV of Whe blendV 
ZeUe beWZeen Whe iniWial YalXeV.  

3.1. FT-IR SSHFWURVFRS\ AQDO\VLV  

The eYalXaW൴on of ShaUmaceXW൴cal foUmXlaW൴onV XV൴ng 
FTIR VSecWUoVcoS\ ൴V a YeU\ V൴gn൴f൴canW SUoceVV V൴nce FTIR 
can VhoZ SoVV൴ble ൴nWeUacW൴onV beWZeen Whe comSonenWV. 
SXch ൴nWeUacW൴onV can affecW Whe UeleaVe SUoceVV, 
Sh\V൴cochem൴cal eYen ৻Q Y৻YR behaY൴oU of Whe foUmXlaW൴onV. 
HeUe൴n, Whe h\dUogelV folloZ Whe W\S൴cal VSecWUXm of Whe൴U 
oU൴g൴nal comSoV൴W൴onV. TZo d൴ffeUenW Sol\meUV knoZn Wo 
deYeloS h\dUogelV Zhen conWacWed Z൴Wh ZaWeU ZeUe XVed, 
heUe൴n: Na-CMC and CP 934. Na-CMC ൴V Whe Vod൴Xm ValW of 
caUbo[\meWh\l cellXloVe Zh൴le CP 934 ൴V a h൴gh molecXlaU 
Ze൴ghW of cUoVV-l൴nked Sol\acU\l൴c ac൴d.  

F൴JXUH 1. F7-I5 VSHFWURVFRS\ DQDO\V৻V RI (D) F1, F2, F3 K\GURJHOV 
DQG SXUH C3 934; (E) F4, F5, F6 DQG SXUH ND-CMC; (F) EOHQGV 
EHWZHHQ F1 DQG F4, F2 DQG F5 DV ZHOO DV F3 DQG F6  

F൴JXUH 1D VhoZV Whe VSecWUa of CP 934 and Whe h\dUogelV 
of d൴ffeUenW concenWUaW൴onV of CP 934 (F1, F2, and F3). AV 
ZaV e[SecWed, Whe F1, F2, F3 foUmXlaW൴onV moVWl\ folloZ Whe 
VSecWUXm of SXUe CP 934. PXUe CP 934 deS൴cWV aW 3000-2950 
cm-1 Whe OH VWUeWch൴ng Y൴bUaW൴on ZheUeaV aW 1717 cm-1 ZaV 

aVV൴gned Whe caUbon\l C=O VWUeWch൴ng band. MoUeoYeU, Whe 
band aW 1237 cm-1 UeSUeVenWV Whe C-O-C Seak foU acU\laWeV 
[25,44]. The h\dUogelV SUeVenW a bUoad VhaUS band aW 3300 
cm-1 dXe Wo ZaWeU conWenW. F൴JXUH 1E e[h൴b൴WV Whe FTIR 
VSecWUXm of caUbo[\meWh\l cellXloVe Vod൴Xm ValW and F4, F5, 
F6 Na-CMC VSecWUXm demonVWUaWed a band aW 2920 cm-1 

UeSUeVenW൴ng Whe C-H anW൴-V\mmeWU൴cal VWUeWch൴ng Zh൴le aW 
1600 and 1408 cm-1 Whe bandV dXe Wo caUbo[\laWe gUoXSV 
VWUeWch൴ng Y൴bUaW൴onV (V\mmeWU൴c and aV\mmeWU൴c) aUe Veen. 
AW 3400 cm-1 Whe SUeVence of OH band ൴V alVo deS൴cWed. In 
Whe caVe of Whe foUmXlaW൴onV, F4, F5, and F6 UeSUeVenW a 
V൴m൴laU VSecWUXm Z൴Wh Na-CMC Z൴Wh Whe onl\ d൴ffeUence WhaW 
Whe band aW 3400 ൴V VhaUS dXe Wo ZaWeU SUeVence [45]. IW can 
be Va൴d WhaW Whe SUeSaUed h\dUogelV d൴d noW e[h൴b൴W an\ neZ 
SeakV ൴nd൴caW൴ng VWab൴l൴W\ and comSaW൴b൴l൴W\. F൴JXUH 1F 
deS൴cWV Whe VSecWUa of Whe blendV beWZeen F1 and F4, F2 and 
F5, F3, and F6. IW ൴V Zell UeSoUWed WhaW blendV aUe Z൴del\ XVed 
൴n ShaUmaceXW൴cal Wechnolog\ V൴nce Whe\ can be XVefXl foU 
enhanc൴ng Whe SUoSeUW൴eV of each comSonenW. AlVo, Whe 
blend൴ng can d൴ffeUenW൴aWe dUXg UeleaVe and ৻Q Y৻WUR/৻Q Y৻YR 
SeUfoUmance of Whe foUmXlaW൴on (F൴JXUH 1F) [46,47]. HeUe൴n, 
50% of each h\dUogel ZaV blended Z൴Wh anoWheU h\dUogel Wo 
SUodXce blendV of Whem and e[am൴ne Whe൴U mechan൴cal 
SUoSeUW൴eV. The blendV d൴d noW e[h൴b൴W an\ ൴nWeUeVW൴ng 
d൴ffeUenceV oU an\ neZ SeakV. The blendV moVWl\ folloZed 
Whe VSecWUa of boWh e[c൴S൴enWV Zh൴le Whe abVence of neZ SeakV 
൴nd൴caWeV WhaW neZ bondV ZeUe noW deS൴cWed. ThXV, Whe 
SUeSaUed blendV ZoXld be VWable and b\-SUodXcWV be൴ng 
haUmfXl Wo Whe oUal mXcoVa oU Vk൴n ZeUe noW deWecWed. 

3.2. ASSHDUDQFH DQG SH MHDVXUHPHQW  

All gelV ZeUe deVcU൴bed aV WUanVSaUenW Zhen Y൴VXall\ 
checked. TDEOH 2 VXmmaU൴]eV Whe SH and claU൴W\ YalXeV of 
Whe h\dUogelV. AV ZaV e[SecWed, Whe foUmXlaW൴onV deYeloSed 
b\ CP (F1, F2, F3) SUeVenWed SH YalXeV aUoXnd SH 4 and Whe 
Na-CMC (F4, F5, F6) ZeUe aUoXnd SH 8.  

TDEOH 2. SH DQG FODULW\ YDOXHV RI WKH K\GURJHOV DQG WKHLU EOHQGV  

The blendV of Whe h\dUogelV e[h൴b൴Wed h൴gheU SH YalXeV 
Whan CP-baVed h\dUogelV and loZeU Whan Na-CMC YalXeV. 
The SH of Whe blendV ZaV foXnd beWZeen Whe YalXeV of ൴n൴W൴al 
Sol\meUV. F1, F2, and F3 haYe ac൴d൴c SH YalXeV and F4, F5, 
F6 haYe baV൴c SH YalXeV. NoUmal SH YalXe of oUal caY൴W\ ൴V 
6.8 [48,49]. The noUmal Vk൴n SH ൴V 5.0-5.5 [50], bXW 
deSend൴ng on Whe aUea, ൴W ma\ YaU\ [51]. GeneUall\, Whe SH 
YalXeV of Whe blended h\dUogelV ZeUe V൴m൴laU Wo WhaW of 
hXman Vk൴n SH and oUal caY൴W\ SH ൴nd൴caW൴ng WhaW Whe 
h\dUogelV coXld be aSSl൴ed aV WoS൴cal ZoXnd dUeVV൴ngV and 
oUal caY൴W\ aSSl൴caW൴onV. So F1/F4, F2/F5, and F3/F6 
(blended h\dUogelV) ZeUe moUe aSSUoSU൴aWe foU local 
aSSl൴caW൴on dXe Wo Whe൴U beWWeU SH YalXeV. 
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CRGH SH CODU൴W\ 
F1 4.45�0.091  TUanVSaUenW  
F2 4.15�0.042  TUanVSaUenW  
F3 3.78�0.021  TUanVSaUenW  
F4 8.18�0.106  TUanVSaUenW  
F5 8.42�0.007  TUanVSaUenW  
F6 8.38�0.247  TUanVSaUenW  
F1/F4 (50/50)  5.94�0.007  TUanVSaUenW  
F2/F5 (50/50)  5.86�0.084  TUanVSaUenW  
F3/F6 (50/50)  6.05�0.120  TUanVSaUenW  
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3.3. 9LVFRVLW\  
The YiVcoViW\ of h\dUogelV iV a YeU\ VignificanW feaWXUe foU 

SaWienW comSliance, Vo Whe h\dUogel iV giYen foU oUal mXcoVa 
and local aSSlicaWion VhoXld noW be Woo flXid. A loZ YiVcoViW\ 
SUodXcW ma\ VSUead in Whe aSSlicaWion aUea and leak oXW. Too 
high YiVcoViW\ can caXVe aSSlicaWion difficXlWieV [52]. 
DiffeUenW YiVcoViW\ YalXeV ZeUe SUeVenWed in TDEOH 3. In 
geneUal, CP Sol\meUV aUe Sol\meUV of acU\lic acid, cUoVV-
linked ZiWh Sol\alken\l eWheUV oU diYin\l gl\col. In VeYeUal 
e[SeUimenWV, WheiU neXWUali]ed aTXeoXV diVSeUVionV 
demonVWUaWed a high YiVcoViW\. IW ZaV foXnd WhaW a SH Uange 
of 5.0-9.0 XVXall\ leadV Wo Whe foUmaWion of highl\ YiVcoXV 
V\VWemV [53]. In a VWXd\, Whe incUeaVe of SH in YaUioXV 
concenWUaWionV of CP gelV VhoZed incUeaVed YiVcoViW\. AlVo, 
CP gelV VhoZed Whe higheVW YiVcoViW\ Zhen neXWUali]ed Wo SH 
6.0 [54]. BecaXVe of WheVe UeaVonV, F3/F6 had Whe higheVW 
YiVcoViW\ (Whe UeaVon iV Whe higheVW and alkaline SH YalXe WhaW 
comeV fUom Whe Sol\meU of Na-CMC) in oXU VWXd\. On Whe 
oWheU hand, Whe YiVcoViW\ of F4 ZaV foXnd Wo be YeU\ loZ. 
ùen\i÷iW eW al. haV UeSoUWed WhaW Whe YiVcoViW\ of h\dUogelV 
incUeaVed aV Sol\meU concenWUaWion incUeaVed [41]. In oXU 
VWXd\, aV Whe Sol\meU concenWUaWion incUeaVeV, Whe YiVcoViW\ 
foXnd high, aV e[SecWed. When AUSa eW al. comSaUed gelV 
conWaining CP and Na-CMC in Whe Vame UaWio, Whe\ foXnd 
WhaW Whe YiVcoViW\ of h\dUogelV conWaining CP ZaV higheU 
[31]. SimilaUl\, in oXU VWXd\, CP h\dUogelV (F1 and F2) 
VhoZed higheU YiVcoViW\ YalXeV Zhen comSaUed Wo Na-CMC 
h\dUogelV (F4 and F5). BaVed on Whe YiVcoViW\ and YiVXal 
aVVeVVmenW, GXll eW al. conclXded WhaW Whe h\dUogel SUeSaUed 
ZiWh 1.0% Z/Z CP 940 (4412 cP) ZaV leVV YiVcoXV Wo be 
called a gel, and h\dUogel SUeSaUed ZiWh 2.0% Z/Z CP 940 
(28197 cP) ZaV a VWiff gel Zhich can cUeaWe a SUoblem dXUing 
Whe WoSical aSSlicaWion and handling. Hence, WheVe WZo 
foUmXlaWionV ZeUe noW conVideUed foU fXUWheU VWXdieV and Whe\ 
VelecWed h\dUogel SUeSaUed ZiWh 1.5% Z/Z CP 940 (14097 
cP) [55]. SimilaUl\, in oXU VWXd\ F1, F4, F5, and F1/F4 ZeUe 
leVV YiVcoXV Wo be called a gel. F3/F6 ZaV a VWiff gel WhaW can 
cUeaWe a SUoblem dXUing Whe aSSlicaWion and handling. So, Ze 
VelecWed F2, F3, F6, and F2/F5 dXe Wo WheiU beWWeU YiVcoViW\ 
YalXeV. 

TDEOH 3. 9LVFRVLW\ YDOXHV RI WKH K\GURJHOV DQG WKHLU EOHQGV  

3.3. MHFKDQLFDO PURSHUWLHV  

The mechan൴cal SUoSeUW൴eV VXch aV f൴UmneVV (haUdneVV), 
conV൴VWenc\, coheV൴YeneVV, and ZoUk of coheV൴on of gelV WhaW 
conWa൴n d൴ffeUenW UaW൴oV of CP 934 and Na-CMC ZeUe 
e[am൴ned ൴n Wh൴V VWXd\. Mechan൴cal SaUameWeUV ൴n We[WXUe 
VWXd൴eV aUe knoZn Wo SUoY൴de ൴nfoUmaW൴on on Whe SeUfoUmance 
of h\dUogel foUmXlaW൴onV and haYe been XVed Wo ൴denW൴f\ 

foUmXlaW൴onV WhaW ma\ be VX൴Wable foU aSSl൴caW൴onV. Te[WXUe 
anal\VeV SUoY൴de knoZledge on WUanVfeUU൴ng oU aSSl\൴ng Whe 
Vem൴-Vol൴d foUmXlaW൴onV fUom Whe meaVXUed SaUameWeUV of a 
ShaUmaceXW൴cal foUmXlaW൴on [56].  

The amoXnW of gell൴ng agenW ൴n a foUmXlaW൴on ൴V e[WUemel\ 
൴mSoUWanW foU ൴WV We[WXUal SUoSeUW൴eV [57]. Gel f൴UmneVV, Zh൴ch 
e[SUeVVeV Whe aSSl൴cab൴l൴W\ of Whe gelV Wo Whe Vk൴n, ൴V d൴UecWl\ 
coUUelaWed Wo Whe Sol\meU concenWUaW൴on [57]. H\dUogelV 
VhoXld SoVVeVV VSec൴f൴c mechan൴cal SUoSeUW൴eV V൴nce Whe\ 
VhoXld eaV൴l\ aSSl\ Wo Whe adm൴n൴VWUaW൴on V൴We, Uema൴n ൴n Whe 
W൴VVXe foU Whe deV൴Ued W൴me, and be eaV൴l\ UemoYed fUom Whe 
Sackage. SXbVeTXenWl\, mechan൴cal WeVW൴ng SUoSeUW൴eV VhoXld 
be eYalXaWed. TDEOH 4 VXmmaU൴]eV Whe mechan൴cal SUoSeUW൴eV 
of h\dUogelV. The d൴ffeUence ൴V YeU\ UaW൴onal g൴Yen WhaW CP 
haV been UeSoUWed Wo SUodXce f൴Um h\dUogelV [58]. The 
f൴UmneVV and conV൴VWenc\ of CP and Na-CMC h\dUogelV 
Veem Wo ൴ncUeaVe Z൴Wh ൴ncUeaV൴ng Sol\meU concenWUaW൴on. 
S൴m൴laUl\, Yang eW al., CeYheU eW al., and AUSa eW al. foXnd an 
൴ncUeaVe ൴n gel f൴UmneVV b\ ൴ncUeaV൴ng CaUboSol 
concenWUaW൴on [31,57,59]. AlVo, Whe f൴UmneVV YalXeV of Whe Na
-CMC gelV SUeSaUed b\ JoneV eW al. and AUSa eW al. ൴ncUeaVed 
aV Whe Na-CMC concenWUaW൴on ൴ncUeaVed [31,60]. AlVo, Whe 
foUmXlaW൴onV conV൴VWed of CaUboSol (F1, F2, F3) e[h൴b൴Wed a 
h൴gheU f൴UmneVV YalXe Whan Whe foUmXlaW൴onV baVed on Na-
CMC (F4, F5, F6). ConVeTXenWl\, blend൴ng CP h\dUogelV 
Z൴Wh Na-CMC can ൴mSUoYe Whe loZ f൴UmneVV YalXeV of Na-
CMC h\dUogelV. S൴m൴laU Wo oXU VWXd\, Whe f൴UmneVV of Whe 
foUmXlaW൴on conWa൴n൴ng CaUboSol ZaV foXnd h൴gheU Whan Whe 
foUmXlaW൴on conWa൴n൴ng Whe Vame SUoSoUW൴on of CMC ൴n 
SUeY൴oXV VWXd൴eV [31,61]. BeV൴deV, ൴W haV been cla൴med WhaW Whe 
f൴UmneVV YalXeV of Na-CMC h\dUogelV aUe enhanced b\ 
enhanc൴ng caUbo[\meWh\l VXbVW൴WXW൴on, molecXlaU Ze൴ghW, 
and Sol\meU concenWUaW൴on [62]. FoU Wh൴V UeaVon, F6 ൴V Whe 
f൴UmeVW amongVW F4, F5, and F6. AlVo, AboXhXVVe൴n eW al. 
UeSoUWed WhaW an ൴ncUeaVe ൴n conV൴VWenc\ foU gelV SUeSaUed aW 
h൴gheU concenWUaW൴onV of CP and Na-CMC and Whe 
conV൴VWenc\ YalXe h൴gheU ൴n gelV conWa൴n൴ng CP Whan gelV 
conWa൴n൴ng Na-CMC aW Whe Vame UaWe, V൴m൴laUl\ Wo oXU VWXd\ 
[63]. S൴m൴laUl\, one VWXd\ foXnd WhaW Whe conV൴VWenc\ of Whe 
foUmXlaW൴on conWa൴n൴ng CP ZaV h൴gheU Whan Whe foUmXlaW൴on 
conWa൴n൴ng Whe Vame SUoSoUW൴on of Na-CMC [64]. 
CoheV൴YeneVV and ZoUk of coheV൴on of CP and Na-CMC 
h\dUogelV Veem Wo decUeaVe Z൴Wh ൴ncUeaV൴ng Sol\meU 
concenWUaW൴on. CoheV൴YeneVV ൴V e[SUeVVed aV Whe VWUXcWXUal 
UeconVW൴WXW൴on of Whe gel afWeU aSSl൴caW൴on. If Whe gel-foUm൴ng 
Sol\meUV aUe caSable of aWWUacW൴ng Whe൴U molecXleV, Whe\ VhoZ 
h൴gh coheV൴YeneVV YalXeV [40]. AccoUd൴ng Wo Whe UeVXlWV of Whe 
VWXd൴eV, ൴W ZaV foXnd WhaW Whe coheV൴YeneVV YalXeV of Whe 
h\dUogelV decUeaVed b\ ൴ncUeaV൴ng Sol\meU concenWUaW൴on. 
S൴m൴laUl\, CeYheU eW al. and Tan eW al. UeSoUWed a UedXcW൴on ൴n 
gel coheV൴YeneVV foU CP gelV Z൴Wh ൴ncUeaV൴ng concenWUaW൴on of 
Whe Sol\meUV [59,65]. The adheV൴Ye SUoSeUW൴eV of Whe 
Sol\meUV XVed ൴n Whe SUeSaUaW൴on of gelV aUe of gUeaW 
൴mSoUWance ൴n Wh൴V UeVSecW. IW ZaV conclXded WhaW aV Whe 
Sol\meU concenWUaW൴on ൴ncUeaVed, Whe adheV൴Ye SUoSeUW൴eV of 
Whe gelV ൴ncUeaVed [40,41,66]. In geneUal, ൴W haV been 
obVeUYed WhaW Whe ZoUk of coheV൴on YalXe ൴ncUeaVeV aV Whe 
concenWUaW൴on of Sol\meUV ൴ncUeaVeV. 

F൴UmneVV ൴V Whe ma[൴mXm SoV൴W൴Ye foUce UeTX൴Ued Wo aWWa൴n 
a g൴Yen defoUmaW൴on [67]. IW ൴nWUodXceV Whe neceVVaU\ foUce Wo  
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CRGH 9൴VFRV൴W\ (FP) 
F1 4670�310  
F2 10647�255  
F3 15157�692  
F4 444.8�11.5  
F5 4272�40  
F6 19087�51  
F1/F4 (50/50)  1056�62  
F2/F5 (50/50)  13305�1209  
F3/F6 (50/50)  138667�1858  
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enVXUe Whe foUmaW൴on of gelV. IW e[SUeVVeV Whe aSSl൴cab൴l൴W\ of 
Whe gel Wo Whe deV൴Ued V൴We [40]. F൴UmneVV YalXeV VhoXld be 
loZ Vo WhaW gel can be eaV൴l\ UemoYed fUom Whe conWa൴neU and 
adm൴n൴VWUaWed Wo Whe Vk൴n VXUface eaV൴l\ [56,59]. The WoS൴cal 
foUmXlaW൴onV VhoXld SUefeUabl\ haYe h൴gh conV൴VWenc\ ൴n Whe 
conWa൴neU bXW TX൴ckl\ SoXU oU d൴VWU൴bXWe dXU൴ng Whe 
aSSl൴caW൴on [68]. H\dUogel foUmXlaW൴onV aUe VofW conV൴VWenc\ 
and conWa൴n e[ceVV ZaWeU [64]. CoheV൴YeneVV ൴V deVcU൴bed aV 
Whe ZoUk UeTX൴Ued Wo defoUm Whe h\dUogel ൴n Whe doZnZaUd 
moYemenW of Whe SUobe [57]. IW ൴V a SaUameWeU UelaWed Wo Whe 
VWUXcWXUal UefoUmaW൴on folloZ൴ng VXcceVV൴Ye VheaU൴ng VWUeVV 
dXU൴ng aSSl൴caW൴on [65]. IW ൴V Whe d൴VWance h\dUogel WUaYelV 
befoUe deWachmenW [69]. Te[WXUe alVo SUoY൴deV an oS൴n൴on on 
coheV൴YeneVV, Zh൴ch ൴V a gXeVV of Whe e[WenW of VWUXcWXUal 
UefoUmaW൴on afWeU Whe XW൴l൴]aW൴on of Whe foUmXlaW൴on. 
CoheV൴YeneVV ൴mSUoYeV Whe SeUfoUmance of Whe foUmXlaW൴on 
൴n Whe aSSl൴caW൴on aUea. AlVo, a loZeU coheV൴on YalXe ൴V 
SUefeUUed aV ൴W ൴nd൴caWeV WhaW Whe foUmXlaW൴on VSUeadV [56]. If 
Whe h\dUogel ൴V e[WUemel\ coheV൴Ye and haUd, ൴W Z൴ll be 
d൴ff൴cXlW Wo aSSl\ Wo Whe Vk൴n VXUface [70]. The ZoUk of 
coheV൴on UeSUeVenWV Whe ZoUk needed Wo oYeUcome Whe 
൴nWeUnal bondV of Whe maWeU൴al [67]. AccoUd൴ngl\, F4 
(15.54�0.01), F5 (21.71�0.03), F6 (48.05�0.93), F1/F4 
(19.19�0.14), and F2/F5 (39.92�0.77) haYe a loZ f൴UmneVV 
YalXe. Among Whem, F4 (186.69�4.64), F5 (196.63�0.46), 
F1/F4 (187.42�0.81), and F2/F5 (356.27�9.01) haYe a VofW 
conV൴VWenc\. AlVo, F4 (-11.93�0.15), F5 (-17.13�0.02), F1/F4 
(-15.38�0.19), and F2/F5 (-28.58�0.81) haYe loZ coheV൴on 
YalXe WhaW VhoZed Whe foUmXlaW൴on VSUeadV. 

4. CONCL8SION 

HeUein, h\dUogel foUmXlaWionV ZeUe deYeloSed and 
VWXdied foU WheiU mechanical SUoSeUWieV Vo aV WheiU SoWenWial 
aSSlicaWion foU local deliYeU\. TZo biocomSaWible Sol\meUV, 
CaUboSol and caUbo[\meWh\l cellXloVe ZeUe XVed fUom Whe 
SUeSaUaWion of Whe h\dUogelV. ASaUW fUom Whe SXUe h\dUogelV, 
blendV of Whe CaUboSol and caUbo[\meWh\l cellXloVe 
h\dUogelV ZeUe deYeloSed Wo obWain beWWeU Sh\Vicochemical 
and mechanical SUoSeUWieV. The SUeliminaU\ UeVXlWV 
demonVWUaWed WhaW h\dUogelV can be XVed foU oUal mXcoVa and 
ZoXnd dUXg deliYeU\ in fXWXUe VWXdieV. AfWeU all WeVWV ZeUe 
comSleWed, Whe F2/F5 foUmXlaWion, SH (5.86�0.084), 
YiVcoViW\ (13305�1209), fiUmneVV (39.92�0.77), conViVWenc\ 
(356.27�9.01), coheViYeneVV (-28.58�0.81), and ZoUk of 
coheVion (-231.31�15.02) YalXeV ZeUe foXnd Wo be Whe moVW 
VXiWable foUmXlaWion. 
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