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Impact of a Combined Therapeutic Program (Vestibular
Rehabilitation and PSSE Exercises) on Structural, Functional, and
Quality-of-Life Outcomes in Adolescents with Idiopathic Scoliosis:

A Retrospective Exploratory Study
Abstract:

Adolescent idiopathic scoliosis (AIS) is a common spinal deformity.
Recent literature links vestibular dysfunction to balance impairment in AIS.
While PSSE exercises are effective conservatively, they do not directly
target this sensorimotor dimension. This retrospective exploratory study
aimed to analyze outcomes of a combined program (vestibular
rehabilitation + PSSE) and compare responses between two groups

stratified by severity of balance difficulties.

Records of 160 patients were reviewed; 4() met inclusion criteria (Mild
symptoms=30, Moderate=10). All received a 6-month combined
program. Outcomes measured: Cobb angle, Romberg and Fukuda tests,

and SRS-22.

Results showed significant improvement in all outcomes for both groups
(P<0.005). Between—group comparison revealed the Mild group improved
more on Romberg test (p=0.001), while the Moderate group improved

more on Fukuda test (p=0.017).

These findings support the sensorimotor model of scoliosis. However, the
retrospective design and small sample size in one group limit
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generalizability. We conclude the combined protocol is promising and

recommend future randomized controlled trials.

Keywords: Adolescent Idiopathic Scoliosis, Physiotherapeutic Scoliosis—
Specific Exercises, Vestibular Rehabilitation, Postural Control,

Sensorimotor Integration.
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Preparation and characterization of a simple multi-purpose skin ointment and

evaluation of its effectiveness in the cosmetic or therapeutic field.
Abstract

Occasional skin problems are among the most common problems that people suffer from
and visit the pharmacy for. These problems include those that result from eczema or exposure
to moisture and cold, as in the case of workers, motorcyclists and housewives. These people

are usually exposed to harsh factors on the skin of the hands that lead to cracking, pain and
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sometimes bleeding. On the other hand, no one can do without daily care products such as

perfumes, lip balms, hair oils, and others.

In this research, we attempted to prepare a formula that is simple in composition and safe in
terms of the nature of its ingredients, while being capable of serving more than one purpose,
thus eliminating the need for the user to purchase multiple products and saving them a

significant amount of money.

We applied the prepared ointment to a diverse group of volunteers in terms of age and the
condition being treated, and we presented the results through a questionnaire and illustrated

them through pictures showing the development of the cases using the prepared ointment.

The experiment showed that the prepared formula is an ointment with a thick consistency and
uniform color, easy to spread and does not leave an unpleasant effect on the skin because it
is used in limited quantities. The users did not show any discomfort or signs of sensitivity. On
the other hand, the results for which it was used were promising, whether used for therapeutic
purposes, as in the case of eczema caused by cold, or for cosmetic purposes, such as using

it as a solid perfume that lasts for a long time.
Key words

Ointment, shea butter, silicone oil, eczema, solid perfume.
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Effect of supplementation of free versus bilayer-encapsulated probiotics on some
productive performance indicators in broiler chickens

Mubarak Alsaad! Abdulkarim Hallak?

ABSTRACT

This study aimed to compare the effects of dietary supplementation with free versus bilayer-
encapsulated probiotics on growth performance, feed intake, feed conversion ratio, and mortality rate
in broiler chickens.

The experiment was conducted at the Faculty of Veterinary Medicine, University of Hama, during
January and February 2026. A total of 216 broiler chicks (Ross 308) were randomly assigned to three
experimental groups (72 birds per group, with 6 replicates of 12 birds each):

- Group A: Control group (basal diet without any additives).

- Group B: Basal diet supplemented with free probiotics (Lactobacillus acidophilus and Lactobacillus
plantarum) at a dose of 108 CFU/kg.

- Group C: Basal diet supplemented with bilayer-encapsulated probiotics (Lactobacillus acidophilus and
Lactobacillus plantarum) at the same dose (10® CFU/kg).

The trial lasted for 42 days, during which weekly body weight, feed intake, feed conversion ratio (FCR),
and mortality rates were recorded.

The results showed a significant (P < 0.05) superiority of Group C (encapsulated probiotics) in terms of
weekly body weight and average daily weight gain compared to Groups B and A. Additionally, a marked
improvement in FCR was observed, with the best ratio recorded in Group C, followed by Group B, and
then the control group. No significant differences were observed in average daily feed intake among
the groups. Mortality rates were lower in both probiotic-supplemented groups (2.77%) compared to
the control group (5.55%).

In conclusion, the dietary inclusion of encapsulated probiotics improved growth performance and feed
conversion ratio while reducing mortality rates in broiler chickens compared to free probiotics. This
enhancement is attributed to the protective effect of encapsulation, which shields the bacteria from
harsh conditions in the upper gastrointestinal tract, thereby increasing their viable delivery to the
lower intestine and ensuring greater efficacy.

Key words: Broiler chickens, Probiotics, Microencapsulation, Lactobacillus bacteria

49




Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

1) Postgraduate Student (PhD ) - Specialization in Public Health and
Preventive Medicine — Department of Public Health and Preventive Medicine
— College of Veterinary Medicine — University of Hama.

2) As.prof in Department of Public Health and Preventive Medicine —College of
Veterinary Medicine — University of Hama.

:Introduction 4..i ! .1

sl Esld sl o3 a3 allall (sginall e 145 Cpanl zlad asal cilaiia e cllall 2l
Olacing Cpanil) zlas Aaaay gai V) Las 45535 G zshit Baal Aia) 558 P S ol
axy Ay Al Cagylag ¢ Al degiy ¢ AL Jadi (Jalgal) (e Ao sane Jeli o bl IS

(Thema et al., 2022) iiSas dpalis) oadl 3l paal) Wl Bl Lgilelye

& Aampall CYA e Bl el olal el Apulad 55 A DL dilaly dall JC
Oalsdll delia 8 4ails duyles (DY) 3 Aygall claliaal 5yly) il Ladlaly . aall o las 2 3] J s
.( Albarellos and Landoni, 2015)

DESI Y sl cadle JalgaS 51 paill cljinaS olgu cdyguall clalimall adll pe SlasilV) ol e
& L gy Aagyall halaaly ciggall claliaall daglia) AS5e e Wyl cAlud) HEY) (e
s Aagliall Badeie A0Sy N seks salyys o(Krysiak ef ak, 2021) dglspall claiid)
ljladl) Craals (s ) aaly (Zhang ef al, 2021) dgdall dyseal 155 Saa 353 ylaialg
250U daglidl) L) e Ll 8 Dygall Claliaall Johaall aladin¥l dlagyall Dl e
-(Zhang et al., 2021) aslll Slatiiag Y Jsiay Aamall Ll A 32050

Gl e leal jasis sl s ool 5308 Ay bl ind ) Aalal) @5 ccnbanill 03] Llain
Gy celigngyl)l Caps L (Krysiak ef al, 2021) lismsl leuly oy daglie @il alaiiul
Lnia il st IS Gl Jaad Ladie dua A5y il il ((FAO) eyl 4,391 daaidl
(Bacillus) Ji igy58s ubial Gan i s < deriind) GUISH abiee Caial L Jilall oo dylay)
«(Leuconostoc) «(Lactococcus) «(Lactobacillus) «(Enterococcus) «(Bifidobacterium)
gad Jaalt A e lgall dmia Nl K b2 38 L(Streplfococeus) «(Pediococcus)
Gl pdll ialye) N axe g gsnal) Salal) s e Ul llatiul) Jasts i pal) Cluadl)
sasall Gumy of Aigngyd) Jolil (e celld ) Layl L(Anee ef ak, 2021) lsall Jilel)
2l pall Fpall ailadlly donslons Sl

50



Laall g Al o glhad) Adadas e daala s
Bl ar S ae s Srad) & jlsa 2026 pls 3 2:2) 48 Alaall

Gaiail gl Z Y] 8 aladnu) Aails Aiph ol sleg Cilall e JS ) el pll ddlia) aa)
il 3 Gppas b gyl Al dexda¥)y 200300 LS allal) (3nd) 2 CanslSall 028
82019 ale i cAldndl daaall LIS duals . (Peruzzolo ef al, 2025) dualdl
sd bk 77.09 ) deas o il oy ¢ Sipal Nsn Slile 4814 say allall gl (35
.(Grand View Research, 2019) 2025 e Jslay éwi
LG Qs ) A Gyshayy oS gty el aha Aapal lapaill (gam 8 (Ji I ) oL
el Agalge ) iy @l syl Jsl 8 < Jiallyy . (Rodrigues ef al., 2011) ¢l el syl ¢ )l
sll g i)y cdpnal) Jilsudl Lingen Aapy oalisd) Gl 8 Loy ¢ amgd) Sleall 8 Al Clagedll (g
opadl) Gigl ) ALY celadl) (b Daangll s ¢ shicall Gmeng ¢ iyl Blais ds)
Aglad) e b)Y Ju Al sLadl AL Lol sae (alisl ) a5 Les dlld ) Les (CFIA, 2021)
<l Ol « Al .(Sarao and Arora, 2017; Yao et al., 2020) ¢\&ll Je L3508 aldasl Cuny
Clill e LpdSll Glead 35,k 4l Gdall Calaill ey Admia S5 Calsall o @liigns nll sl
Vivek et al., 2023; Cook et al., 2012; Yao et al., ) il cladY) s L Cpndy 3ylaall
(2020
Ladin ¢ paslasl (005 880 A g€ (305K Baaaa Bale Ja1 el gy 5] Calas 2y (382 Calall A
Dlexindl LiSill (BUY saaall Caagd) alise (8 Jlaiiy (golall caagd) Sleadl G iy 4380 Al pus)

.(Cook et al., 2012)
Ayl Ciaa
caalll zlas gl Al chbsal (e o Calie liigng s a JSG liigngy elae) il 4lhe -

: Materials and Methods (Ja!) &ilhg slgall (2

2025 alad Lluis S G5IS el b olea drala — (gyhand) calall 3 gl Auhll 038 ol

Jeadl) ()90 pans Gy dald doyie 8 (20 500) Alie Bl golie B pasa 216 duji S Cua

zlan Lup s Apaill Jlsh selaYls Aauas oluey Al 1030 HUaill jé 0 5L byl S
 Cpansil)

il U< ahe S 0.5 i (G 15 N 1 (0) it 313 ol sdalie 3 e ddaall malin ()5S

sleBDl amd Sl alaig ¢ jilla S ahe IS 1.5 e (Lise 32 ) 16 () saill cam Jl3e ol

zlaal A el il Al 460 Adal) dela caa L Il e (G 42 ) 32 o)

51


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/relative-humidity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/relative-humidity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ingestion
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/ingestion
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/enzyme-activity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/bile-acid
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/digestive-enzyme
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/digestive-enzyme
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microencapsulation
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microencapsulation

Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

(1)
Byt g+ JualSsn S ol
il ele EPTESS e gl ol
il ela JulS 5 Oplially galal) a il
il el Sl g Qs pdalls (il ol
il ela JulS Oshally Gualdd) ol

ccilel) Dlginly il Ball Gliliy I o) 3 desens IS 3 Cpanl zlad pun (35 J2ls
Average Daily Gain sl dg)sl salpl Javgia Cluny saill elal 28 . Jiallys cUasy ysalall (350
Jusai Ay ¢ ( ADFI) Average Daily Feed Intake alall (e sl) &Dleinl) Jasssiag «( ADG )
= 16) Wllly ((Lss 15 = 1) casall ¢)aad) Jalye Pl ( FCR ) Feed Conversion Ratio calall
tol G (42 —1) Slally s (45 = 33) eleYls (s 32

ALY aae/ SN 300 - Sl o35 = ADG

oY) 22 feliginl Galall s} = ADFI
(sl
Al 4L de ganeS (Ll ole e pa) cililia) s Gulad Gilke Wi LA
G (L. plantarum L. acidophilus ) sl eal e (g5ing Gold Gl Wl LB

25242 see Ja jia asll ge CFUKG 10° dejny Calas
aladll (L. plantarum ;L. acidophilus) s>l 5mall e (gging Golad GWilke Ll .C

05242 e Ja jia sl e CFUKG 10% il giey (pfiinka

52


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/weight-gain
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/feed-conversion-ratio
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/feed-conversion-ratio
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/feed-conversion-ratio

Ll g Al o slall bl
@ a8l e 2

drad) & sl 2026 sls 3 11l 48 Al

LS & aWiall S e (L. plantarum L. acidophilus ) <Yye Je Jpasl) & Cus

Slaall) (s (gl ol LS 3 L Dyl ol rall s 5 bl )
(obsul&l) +

: laay) Jylal

sie Ayginall (3 lly (gbmall Uadlly cillansial) i ghall conill il @y (SPSS) aline plasind

.(p20.05) Jlis) s5ise

ABlal gitit) (3

G say bl Cpelal 3 Lan 42 DA Apaall Gleganad o) 38l (2) Ay Jsaadl cw -1
A e gana & B de sena Ll ¢ Gic sanall

Apadll sal e sasl) sl Jagia 1(2) aB) Jsaall

C e gesdll B e el A dcgenall | apll duia)ll 524
2217416.2 5212+10.1 ©210+19.3 ol
9553+34.8 b534431.1 °529+39.7 e sl

21065+85.3 v1032+79.7 LO11488.2 | (ysyally anlsl
°1700£178.2 |  °1640£167.3 |  °1610£183.4 |y pialls cpaltl
22420£228.3 | °2340£210.8 |  ©2290+241.7 | sl ealal)
23300£271.6 |  °3100£240.9 |  °2991+354.5 as 42 Lles

Lalll Caall

e Aysiea (3538 355 ) @, b, € ayall il 8 CBDEAY) s




Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

) el 3) L dpaill e gead (k[ g) el osd) DN Jasgia (3) ) Jsaall cpy —2
Ao gana (358 pa Apaill Ales Jag bl asll 8 (AB,C) dpaill Cileseas n dysine (3508 2525

(9) <alell ol DUgin¥) Janssia 1(3) &) Jsaal)

C e gendl B ic yendl A degandl | sl Aol 52al
"168.356 2165.752 2165.825 gl
7539633 a530.576 a531.795 e i
"1139.253 141430453 21150.606 | Caoalls sl
"2040.735 1 25033 548 2 2049.53 | Csals el
"3229.653 23219.893 a3208.792 | LUl puladl
"4672.293 | 24616875 24580208 |  ox 42 Ll

A degana 5 B de sena Ll ¢ (e sanll

ol ilal) Ay gl donsi 1(4) a8y Jpanll

C ic yendl B e el A degenal | asdl dsa)l 324
0.775 0.781 0.785 ol
0.975 0.986 1.003 e
1.069 1.095 1137 | cppdially anlsl
1.200 1.239 1172 | spdally cpelil
1.334 1.376 1.1400 | cysdlally Gualal)

21.415 b 1.489 b1.531 a5 42 Ules

54




Laall g Al o glhad) Adadas e daala s
Bl ar S ae s Srad) & jlsa 2026 pls 3 2:2) 48 Alaall

desana o iigngynll Jesena 358 ey Apaill Glesana (A @58l A (5) o) sl o —4

Laa L)
Gsdill Apud 1(5) a8y Jsaall

C dc sandll B ic saadll A e el a5l Ana3l) 524
1 - 1 bl

- 1 - e g

- - - Osdalls 2l

- - Ol (el

- - 1 OsDlly ualall

- - - pse 42 3

2 1 2 Gsill el
9%2.77 “%2.77 %%5.55 % (358l das

psmgSaally . lall dalall Lmall Alally (gsmall sl o Jaliall Gygpum elaad) Cilig Soa (585 2ny
sk cualiaials alaball aan Gy & Lo clgialily elaad) daa o Lliall 8 om0 (sonal)
Shang ef al., ) ikl L sl gdl) (@il gl e Llialls ¢ palel) Clie ety ¢ elidl leall

(2018

L. 5 L. acidophilus iysal) clyeadl o Wi & Al clegendl of ui dubal) 228 iy
Aa gl 32l o g uilea 0g g ( CfU/Q) 7< Aejas ity Adlaally Adlaa yual) o) gu \xe plantarum
sy 42 s cpaind 0 Appatll 558 Jlgda Gpansil) ol (3 giil) s 3380 Jysatl Janas sl
A5lae Ciladl e pasl) DL baugie o LSS dypnl) il Gygina (3558 lia oSy ol o Laiy
aall (s o (el G (aliaiaVls acagll Able la¥) Sl e Jy 13ag e lal) de sana

55


https://www.sciencedirect.com/science/article/pii/S003257912200205X#bbib0044
https://www.sciencedirect.com/science/article/pii/S003257912200205X#bbib0044
https://www.sciencedirect.com/science/article/pii/S003257912200205X#bbib0044
https://www.sciencedirect.com/science/article/pii/S003257912200205X#bbib0042

Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

aal) Sl o dxa (i s (2019) y55aT5 SOrescU g Ll il iy L Jysaill Jalra s Slgal
logyg cfu/g 9 — 7w Tas cile oy Lactobacillus )iy el sus s e Al Gpandll 7 ol 4y gadll

£1al Ganend ae el 3l £ L)y ¢ canngd) Sleall 3 Lactobacillus iy Ja) (el 38 (il JSI
colaaY) g Ko i g5t Jasdy sl o S gl of Gluball e waal) sl Ny Lz laal
Zhang et al., 2015; Xu et al., ) (el zlas Lalidly daia e saiall HEY1 o pall sy Laa
(2021

Cilitae 308 Jagd DA (o (alatiadl] 28030 ualial) 815 5005 ) (505 gl 238 of S Y
bl (e clgiblags 16155 eleall) b 8 St ) ALl A ikl Lyl (aliaY)
shiaall Bink G a1 e 13 dady 8 ool Jle B dle Aledall AN ooy sbaal) 5lels Gl
Aol elall i Gyl 8 (Galaallly Ll € s isaslly ¢pmmtsll) A5 oyl Lladlly

-(Obajuluwa ef al., 2020) <lii gl Ly,

sind ) ARl el e gaxm Al bl o zlaall e el 280 e ) ekl a8
dagll Anysll sabyll Jangiay  ASlgall calall S A 5y Glas Lactobacillus <N e
zlaall 5l 3alys anal) (435 (8 ByeS it Wby cwilS (el e 30 .(Jahromi ef al., 2017)
Ol 5 Sy e saxny ) aadl 2 laally Lylie Lactobacillus <N s e g3 g3 aadl)
Alaal) ualial) (aliaial ey sl of luhall e 3l & i a5 . (Zulkifli ef al, 2000)

.(Faseleh ef al., 2016) a3l zlall sai ool )5 ey Las

el 2358l adihall VO dagada Wyl (e cJalse Bae o adiad gyl Allad o ) calulpall i
Aluwong et al., ) idamad) diul) Cogylally o) sandl Lo sl gauadl) Allally cAidall (A€ 535 (ABLaY) (5inas
(2012

8 abie B coelal eligngyll (e dadall cNVsS ol 1506 3 (2015) 5Ty Zhang 1 Gy
e3al) & L. plantarum 5 L. acidophilus yss) L) ) o Lae colaa) 8 GaY Cilec s aal)
Lea claglan Bl (Sl (e iSaa BaeS LSl e il Calacll Jadlay o8 ¢ Jll L elaadl) ope ind)

1(2023) 05)aTs VIMON ae (3815 Le 1385 a1 dialay

Jina) Ll L Cund tangd) Guaat (8 Tygne oo Gagaall Ly Sudll g3 g% «oa] Banls 0
G ol a) Bl e adyy Lll) Ciluaall e Y Bae (e Uaila pdall elle) ol (2000)
JaelSiyg L salaBY) 3535ally Lty 2y Mg ¢ palsiaV ]y aumgl) Cpueny Lo cpnlll g il Zadal) 5 Laay)

56



Laall g Al o glhad) Adadas e daala s
Bl ar S ae s Srad) & jlsa 2026 pls 3 2:2) 48 Alaall

Yoy Z Y] sai Agaall A8l 4st i gl Ly elially aall puagll e g Gl 138
.(AL-Danki, 2003) _atiy) el e Loy ooy Las cdnmyall il daglia oo

Oy ol oSy Galall Y Adall) L. paracaser \yiS; dils) 4 (2022) o5l Gyawali sy s
salias (ailad jedad gl of ) i Al A&l cilady pe Aualys (381555 5auSY) laliae daglag
. (He et al.,, 2019; Xu et al., 2021 ) 3283

L. e Gygad) 35050 oSl of a3 (2023) 0spals VIMON e o8 4l ae geilial) bl gy
558 Jlsh Cprantll 2 o) 50330 Jysatll Janas sl b dpesall 33l Jans sie Cilen alaall plantarum
alall (e el DY) augia Je Adadl L. plantarum fis ol Laiw b 42 & paial Al dpaill
gl ALE e Ak Lo plantarum s =20 L. plantarum e XK s 2L de ganay 4l
Cpanill zlad selaly L oalal) de samay Ajlie ) pladY) & L8 Galiiiag HAN) il dpallal
srall )l JSEN e Gl 186 ddled) L. plantarum 4) Gliae S oUa e o3 gd)
Gl e sley . aaLal Ae sanay Ajlie gl ee ) lle ) ¢ Ul Ay sl Gacs ¢ e g sy
4 sEnterococcus 4 Lactobacillus s O ol asledl L. plantarum s dssal Caaly e
slac) o) agre (i Cua (2022) 055305 Gyawali g bl ciddls Loag 138y gAY Cle sanally
zlad (DSl g mul) 4 Lactobacillus paracasel s Gk e spasall 35130 COLSA)
axdUl 2oy el cdwss g Aagdl) pailiads salll elaf o 5D 00 dns 2l 4aid aadU)
Gee A blesl) g i) dawy wbledll glay) dsaly o oo daliall LSl sda e o
bl leall e 5SSl Gaa Caall el e s0le ol Linslshyse G Lo ¢ sl
) by gkl )yl G Bk g 53w sliaeS Slaine Bl coyelily Clel) Jdis Gyl e
538 ya - LiseY) (ssie Cumidy seY) Bgns Sae diie JSE 3840 Cadeill Jac 500y cilaliad 4480
aladl 5l il 4 gal) cabiaall G sagaald) 28800 A gl alasin) Koy 4l 7 B oSay cdagl

.(Gyawali ef al., 2022) skl saielal e il (50 d5lls ) e

:Conclusion clalitiuN

=Y 035l Jans gia b (C) iliall €l s s i) e sanall (P < 0.05) Lisina Wi bl ajelal 1
(A). 2L de sendl s (B) Ladl el sn s ) (e sanally 45 jlaa 4 sall 45 5 1) 334 31

el g 55l 5 lis (FCRY) (138 Jasaill Jalaa (& 13 gale ot ) calanall el g pall A8la) <l .2
sl aladial b el 5liS L) jady Lae canlilly al)

57



Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

& Omall (o Jy Lee (3 e ganall (o Cilall o sall NI Jons sl A 4y gine G308 eliial L3
“ N1 830 3 el 5 alaciaV 5 imgl) (a3 gns sl

a3 Las ¢(%5.55) 2Ll Ao ganalli 45 5lia (%2.77) i sm s il Jie gana B (35l At Cuaddsl 4
oshll Aalall daall 3 5e3 el gu g5l g0

(o Amldl) oy Bl e LSl e e Calall 5508 ) Calaal) ol g g 5l ) LA o LS
e 2 Lae (aaled) Clay 33¥) 5 du gl jiall 3 lard) 2 5a s ¢ pHURLAT) g slall (caagll Sleal)
Ao liall 5 dpangl) il sl a5 Al slaal) & laaiud AL 5 A Lel sua g

:Recommendations ciluagill

¢saill elal Cpaadl Cpanil) plaad Al A8LalS AN Clidally Caleal) @l g gyl aladiully a1
AU a2 g o Ay satl) Jalas it

e Asha cpjad ol s Adline e jay Calial) @l g g ) 580wl Gl 3l e 230 sl a) 2
salall dm ) 5 Laliy) Gailadl

O 3A3 e Leiasas o sall Al s Ton g s Sel ailiadl) o calidl Hiian 0 3

Clabiaall sf ey yhanll g 3l gl ) Jie) 5 AT Al clilia) ae Ciliall @l a5 ) ddlad 45 jlie 4
A8l 5 e aY) Can (e (Al 3y 5all

oais e 4l il elld L Ley o et 3Uai e Caliall @l s g jull 2l Lol (5 saall oiis 5
O all (galaidyl ailal) (sl ¢4 pall Glabadl) aladsiul

58



Laall g Al o glhad) Adadas e daala s
a8l ae s ) o sl 2026 pls 3 2) 48 Alaal)

1_

1 gl

Al-Danki, Z. T. M. (2003). Production of Local Probiotic for Study Its Effect on
Productive Traits of Broiler,Layers and broiler breeders. Ph.D. Thesis,Coll.of
Agric., Univ.of Baghdad.

Aluwong T, Raji M.A, Hassan B. F, Kawu M.U, Kobo P. | And Ayo J.O. (2012).
Effect Of Different Levels Of Supplemental Yeast On Performance Indices And
Serum Biochemistry Of Broiler Chickens. The Opean Conference Proceedings
Journal, 3 (1- M7), Pp: 41-45.

Anee, |. J., Alam, S., Begum, R. A., Shahjahan, R. M., & Khandaker, A. M.
(2021). The role of probiotics on animal health and nutrition. 7he Journal of Basic
and Applied Zoology, 82(1), 52.

Canadian Food Inspection Agency (CFIA). Probiotic Claims. 2009. Chapter 8,
Section 8.7. Available online:
http://www.inspection.gc.ca/english/fssa/labeti/guide/ch8ae.html200  (accessed
on 12 October 2021).

Cook, M. T., Tzortzis, G., Charalampopoulos, D., & Khutoryanskiy, V. V. (2012).
Microencapsulation of probiotics for gastrointestinal delivery. Journal of controlled

release, 162(1), 56-67.

59



Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

6— Faseleh Jahromi, M., Wesam Altaher, Y., Shokryazdan, P., Ebrahimi, R.,
Ebrahimi, M., Idrus, Z., & Liang, J. B. (2016). Dietary supplementation of a
mixture of Lactobacillus strains enhances performance of broiler chickens raised
under heat stress conditions. International Journal of Biometeorology, 60, 1099-
1110.

7- Grand View Research. (2019). Probiotics Market Size, Share & Trends Analysis
Report By Product (Food & Beverages, Dietary Supplements), By Ingredient
(Bacteria, Yeast), By End Use, By Distribution Channel, And Segment Forecasts,
2019 - 2025.

8- Gyawali, I., Zeng, Y., Zhou, J., Li, J., Wu, T., Shu, G., ... & Zhu, C. (2022). Effect
of novel Lactobacillus paracaesi microcapsule on growth performance, gut health
and microbiome community of broiler chickens. Poultry Science, 101(8), 101912.

9- He, T., Long, S., Mahfuz, S., Wu, D., Wang, X., Wei, X., & Piao, X. (2019).
Effects of probiotics as antibiotics substitutes on growth performance, serum
biochemical parameters, intestinal morphology, and barrier function of broilers.
Animals, 9(11), 985.

10— Jahromi, M. F., Liang, J. B., Ebrahimi, R., Soleimani, A. F., Rezaeizadeh, A.,
Abdullah, N., & Shokryazdan, P. (2017). Protective potential of Lactobacillus
species in lead toxicity model in broiler chickens. Animal, 11(5), 755-761.

11- Jin, L. Z.,, HO, Y. W., Abdullah, N., Jalaludin, S. (2000). Digestive and
Bacterial Enzyme Activates In Broilers Fed Diets Supplemented With Lactobacillus
Cultures. Poultry Science, 79, 886-891

12— Krysiak, K., Konkol, D., & Korczynski, M. (2021). Overview of the use of
probiotics in poultry production. Animals, 11(6), 1620.

13- Landoni, M. F., & Albarellos, G. (2015). The use of antimicrobial agents in
broiler chickens. The Veterinary Journal, 205 (1), 21-217.

14-  Obajuluwa, O. V., Sanwo, K. A., Egbeyale, L. T., Fafiolu, A. O. (2020)

Performance, blood profile and gut morphometry of broiler chickens fed diets

60



Laall g Al o glhad) Adadas e daala s
a8l ae s ) o sl 2026 pls 3 2) 48 Alaal)

supplemented with Yohimbe (Pausynistalia yohimbe) and Larvacide. Vet Anim
Sci.;10:100127. doi: 10.1016/j.vas.2020.100127.

15— Peruzzolo, M., Ceni, G. C., Junges, A., Zeni, J., Cansian, R. L., & Backes,
G. T. (2025). Probiotics: Health benefits, microencapsulation, and viability,
combination with natural compounds, and applications in foods. Food Bioscience,
106253.

16— Sarao, L. K., & Arora, M. (2017). Probiotics, prebiotics, and
microencapsulation: A review. Critical reviews in food science and nutrition, 57(2),
344-371.

17- Shang, Y., Kumar, S., Oakley, B., & Kim, W. K. (2018). Chicken gut
microbiota: importance and detection technology. Frontiers in veterinary science,
5, 254.

18-  Sorescu, I|., Dumitru, M., Ciurescu, G. (2019). Lactobacillus spp. and
Enterococcus faecium strains isolation, identification, preservation and quantitative
determinations from turkey gut content. Rom. Biotechnol. Lett. 24, 41-49.

19— Thema, K. K., Mnisi, C. M., & Mlambo, V. (2022). Stocking density—induced
changes in growth performance, blood parameters, meat quality traits, and welfare
of broiler chickens reared under semi-arid subtropical conditions. PLoS
One, 17(10), e0275811.

20—  Vimon, S., Angkanaporn, K., & Nuengjamnong, C. (2023). Microencapsulation
of Lactobacillus plantarum MBO0Q1 and its probiotic effect on growth performance,
cecal microbiome and gut integrity of broiler chickens in a tropical climate. Animal
bioscience, 36(8), 1252.

21-  Vivek, K., Mishra, S., Pradhan, R. C., Nagarajan, M., Kumar, P. K., Singh, S.
S., & Gowda, N. N. (2023). A comprehensive review on microencapsulation of
probiotics: technology, carriers and current trends. Applied Food Research, 3(1),

100248.

61



Ll @l pdsall Gy Ao Cpandll glas aie (il Ciliall el g g ) Jilia jal) el g g 5) Adlda) il

22- Xy, Y. Yu, Y., Shen, Y, Li, Q. Lan, J., Wu, Y., & Yang, C. (2021). Effects
of Bacillus subtilis and Bacillus licheniformis on growth performance, immunity,
short chain fatty acid production, antioxidant capacity, and cecal microflora in
broilers. Poultry science, 100(9), 101358.

23— Yao, M., Xie, J., Du, H., McClements, D. J., Xiao, H., & Li, L. (2020). Progress
in microencapsulation of probiotics: A review. Comprehensive Reviews in Food
Science and Food Safety, 19(2), 857-874.

24—  Zhang, L., Li, J., Yun, T. T., Qi, W. T., Liang, X. X., Wang, Y. W., & Li, A. K.
(2015). Effects of pre-encapsulated and pro—encapsulated Enterococcus faecalis
on growth performance, blood characteristics, and cecal microflora in broiler
chickens. Poultry Science, 94(11), 2821-2830.

25-  Zhang, Y., Lu, J., Yan, Y., Liu, J., & Wang, M. (2021). Antibiotic residues in
cattle and sheep meat and human exposure assessment in southern Xinjiang,
China. Food Science & Nutrition, Y11), 6152-6161.

26— Zulkifli, I., Abdullah, N., Azrin, N. M., & Ho, Y. W. (2000). Growth performance
and immune response of two commercial broiler strains fed diets containing
Lactobacillus cultures and oxytetracycline under heat stress conditions. British

poultry science, 41(5), 593-597.

62



Lauall g Aglal) o glall Al oA daaly daa
Ohalis gl ae e a Saia g 2026 pls 3 1) 48 Alaal)

ala3ll 08 Lnosadig ays0 9305 513 i alelsly s Silhaging yuidai

Oldis Cigyll ae daaad 9! gaia o

Nada MANDO*, Mohammad OTHMAN
uai.‘.d\
o Aladl 3l sae JIKEYT L Lo ool Alaes dypadll AV anall JKEYI g
Julitg el Ae glaa 323 (gouad) DB Cpanty Gl Lo dalay el JISSY)
L agalall ey
alaainly @iy plelall (e e 33 ) llagiias st ) Gaa) 13 Cida
S5 ¢(EC) il i pe AS5LEAL 5l s2a sl (GMS) U pusilill e 2un g
elsall 3 Aol 5 Al il (ailadll o dlgall oda 5805 il Al 5 cdiliag
gl
AihasS sl (ailiadd) aaas & clarual) ddae ¢ha) JB Gl Gls) anii 35
slig (e Jauy G zladll 8 eloall 3a0 gl A 2 LS cdanlil) il giaaall

(pH = 6) Slau s

nadamando63@gmail.com !
63



T (b Graniiy Baa J0ad @l Gl 1all il e jpans
O Syl Jilail elily baminall ) gl clllaiall pe gall (38155 iliall ekl
Oe Oflelald H3a8 Jane o Alas) A0 13 ik i aall 3 (GMS) (s 50l

il 3aae il graaal)

Gland aa g gSall ela (e lali ¢ y5all 3uae Gl grias tdalidal) cilalsl)

st Jil (Jg il

Preparation and /in-vitro Evaluation of Vildagliptin Extended

Release Tablets
Abstract

Oral pharmaceutical dosage forms with modified release properties,
particularly extended release formulations, provide notable advantages
over conventional systems, including enhanced bioavailability, improved

patient compliance, and reduced side effects.

This study aimed to formulate extended-release tablets of Vildagliptin,
by using Glycerol Monostearate either alone or in combination with Ethyl
Cellulose at varying ratios. Flow properties of the powder blends were
evaluated prior to compression, followed by evaluation of the physico-
chemical properties of resulting tablets. The release behavior of
Vildagliptin was investigated in vitro, by using a phosphate buffer

medium at (pH 6).
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Results demonstrated that the formulated tablets complied with
pharmacopeial requirements. Statistical analysis revealed that
increasing the ratio of GMS, decreases dissolution rate of Vildagliptin

significantly.

Key Words:

Extended Release Tablets, Vildagliptin, Diabetes Mellitus, Glycerol

Monostearate, Ethyl Cellulose.
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el Sl en e e Y s clllia ey =5 Drug Delivery Systems

a5 e lsall il Jaad Sl 5B o8 doju Qi Congs H3aal) Jawd Jaad allaiy Lise ya

Modified Release Drug jaill dlasa elsall ¢l dadail af . Jskal <l yial

Olead) 8 Badae adlge Cilagind sl Badaa 3ad il ase (385 <15 clylDelivery

[2] aagl)

elsal pae y3a8 ld il g yumad gdalll hal duage duy 8 5 S8,
el e (ggiad cillagrias jumal & Cus cmiiay Lapde el aladiuly cpiile ol

38 3sllw sLdie) e Aiine coniy sl e S onS350 el o (3
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Agal) el 8y Lkl il Ayylay 8ylanall il saall gaes 8 0eeS skl
Loai Juadl Gsllis Jiise g (S5 jn 75 e 5 e 75 e (gsias )
S ey Les (b zisal g 3adll laa Bl G el 12 DA paall 3l
(3] dasrme Ll zasas (385 i y3ail AT

58S e LB e 35S Cillagiaine prmaty (sl o6 (AT Lmae T
Glhsgh ) ALaYL (slall cane jaly 5a5) LLSH jana (g0 Adlide 3815 o 100
8 LS L yalad) haaal) digls aladiuly el Jakaa g clilhas cadasS o sl 4505

dss)lS (e Adliie 5805 aa (30 100) S5 (it e lal Cilagiias jpuiass
3308 2 spuallSY AL i ae celall aaa yaly L sa5(Carbopol 971)
calele 7 e Y e 50 @l Gllagiae @l e i a8 Gl ) dslayl
Juadl Ciyelal 25% Ao dgindlly ) de ganall (o 8 panall cillasicad) of Jaagly
Al de gaadl (e Al il grcaddl el Lad el 12 Hslad aae el e
4] dele 12 e i Ay 320 A elsall )3a3 JsasplS sals 15% e dy5iadlly

Al i 335 e Jany Cun (DPP—4 3y aladll cilafiall e (pilelals as)
Dl b s coall (3 55850001 585 ot (3 gty ¢(OLP=1) 1= 0is2 S50 402
[5] S aail) e g Sudl ola 2Dl b Ylad

rduand) Cdaa

Gle g aladinly cpiale ol e B Al Gl Ayged Glagiian gl ) Sl Caag
Vsagll Gilejall aae Qg (an gl deglaa 30k Caagy cAalida

e e opaall Balaily eV ame e deaiiod) clelsudl 38155 o5 58l Auhs ) Caagy LS
s Higushi z3sa0 Jia) dabiaall duzalyll 3kl pe 5al) Jaas (3855 (s2a jlga)
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& bsaae sy y5ad Jaay (Baiaty 3l 4l sl (... Korsmeyer—Peppas
sl

:@bhlly Algal .2

talgal) .1-2

lete S siean el b Aasiiuad sl (1) Jyand) el

.L@JA KL dhaqy dadA%al) J\}‘J\ .(1)d}h

Nutra Specialities Private
Vildagliptin
Limited, India

Glyceryl monostearate MLA Industries, India

BDH Laboratory Supplies,
Ethyl Cellulose

UK
Monosodium Phosphate Stockmeier, Spain
Disodium Phosphate Scharlau, Spain

tdadiieal) CNYg 3gaY) .22

(Digital 4gsall 35 C\,&\ sles ¢(Sartorius, Germany) ulus A 58S (Gl
«(Carbolite PF 200, UK) —agéas ¢4 cultrasonic cleaner PHYLO, China)
«(T80+ PG UV-VIS Spectrophotometer ,UK) gzl (alaic¥) cada ulis
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A sl H3aall lial Slea « (CISA- Sieve Shaker RP-109, Spain)

i plé Hlea « (Pharmatest PT-UT7, Germany) (Rotating Paddle) 2
Lilig)) Hla) jles « (HANNA PH211- Microprocessor pH Meter)lull clals
300S, Ahgriadll iy ssluall jlidl jlea « (ERWEKA TAR2(0, Germany)
(ERWEKA AR uSall 3am s 43530 Jaraa 41l ¢ (ERWEKA TBH Germany)
-402. Type (EK), Germany)

&bkl L3-2
F ORI IALE cilbgiiaal 4 ) dal) juaad (1-3-2

Lscall 4y (4 sican/ile 50) Gainde ol sale o dyglal) il giaall Ciylan
Elom JS Lo (2) Jsaall Hedas e 8 e Hhady dypde Jarm A1 plasinly i)

tAagall b

LOEE LA e 3ylanall aall 1(2)Js2n

Ethyl
Vildaglipti | GMS | Cellulo

n (mg) (mg) se

m
F1: GMS-EC
50 100 200 350
1:2
F2: GMS-
50 200 100 350
EC:2:1
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F3: GMS 50 300 - 350

dj_)ul:\l‘.‘— em‘LAS.JM\MdALQJ g_\n_gﬂ ‘Sh‘)'kt’bs . ]L d,-.ﬁ;‘\ 6933-“"

cBles il Jasal JalaS il i sige

L 3 ¢ p3aill sane cllagrazmall Sall avesil e Ll Teja clSaall § hudl il 220
Aasial e adied Ly cdaadil) il ghmd) b Jlall 58 LS e IS8 ) 2l Y

cade JSG ol Jaese Javad chle g
1Al a8l (agadl) . 2-3-2
thiall Jé gaalua) axdi . 1-2-3-2

Righ Clung 3830 Llgs 8 A (e ainall dmal) gpall o) Galsd o

s gd dauig Jalaaty)
[6] Angle of Reposeassill 435); uld -

Jaie aladinly Jad 2 Jaaall sl miall (e 209 (55 & 1k LS a3 dygly
(o8l U8 Blull gshie add B Hda Gomasall S 2 (DUSH) (e Galail] 250Um
h lee i) Gl GasS il @l 48)5 dada o Sall a5 e clusd A Cua

D) Aokl (o) a3Sal Ayl Jl Gl dey ok (D Lgine B ki
Tan(a) = 2h/D

20m & gl Jauds 48)50 ¢y daladl) G Wle
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Hausner Ratio jiug 4wy Compressibility Index hay) 4@ uld -
[6]
ko s (Gaalusall sl (ailiad aniil il Aty Jalat¥) A8 (e JS aadin

g

¢dash)ll ssina Specific Surface Area e sill mlaudl caalall 8BS ( JSUAlg aaal)
camalaa) ¢ hal G clulall

Gl die eyl g Lﬁ)ALH\ (’»j\ Caeny rfi.’\ (VO) call Jad LS)“M‘ u.‘m.d\ e;;l\ Caeny
fob LS Ll Ay Canad 5 (V) sl

Compressibility Index = 100 x[ (Vo - Vf) [Vo ]

Cayll J dpaUal) Z8ESH aladinly yinsls dawiy Jalead) Auf e IS sy &
tapped bulk density <)l 2., 44U<l); untapped bulk density (puntapped)
(Y il e (ptapped)

Compressibility Index = 100 X[(ptapped - puntapped) /ptapped ]

Hausner Ratio = prapped/ Puntapped

Aoy Tl Ay 23S0 Ayl Ty Gaalsall Clas) ailiad (3) Jsal) sy
:‘):\.MI}LA

sl Aanig a1 A a3l Ul Uy aaliaal) bl Gamilad 3(3)Jsas

Shusla A | (%) Blead) dyp | Sl Ay L) dals

1.11-1.00 10> 30-25 Excellent 33lias
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1.18-1.12 15-11 35-31 Good saa
1.25-1.19 20-16 40-36 Fair 1,0
ospell Al
1.34-1.26 25-21 45-41
Passable
1.45-1.35 31-26 46-55 Poor 4.
1.59-1.46 37-32 65-56 Very poor faa A
Very la la i
1.60< 38< 66<
poor poor

sl giiaal) anli . 2-2-3-2
Visual Appearance il j¢lall jlad) -
Capping liilly Chipping i€ Cigml) (pe 4dla il gad) ()65 o asy
7] wal s @ o G e mhandl sla aw Sticking 3laal¥ly Mottling aasll,
Hardness, Diameter, and Thickness aslaully haillg 5oludl) jLad) -
138 (g yaas clagrmall SulKual) Jaatll (e jaad Al GhHLEAY) (e 35ludll Lo aag
G §yeanall Cillasriaall 339a Ayl sl Gililee PR (g)90 JSG HLERY)
@ S G ) 0588 Bk o adings @l e Jgeand) dejus 4l e
[8] Gme sinsas dlasinadl)
gl o Arpea 08 (30 Gl 3 (g0 Al el ASLandly Ll 35l uld (g nl
chllg s5ludll el ERWEKA TBH 300 alasinly 6 yasal)
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Friability isiligl Lgd) -

il gamall L€ISa) bl e Lagd uat Al e lia¥) asl Lpslag)l laa) aay
-[9]

Janas G IS 5% Dlghad (g Slea e gy aa llasiadl) g o Can
}i :L:\}Lu\}“ )\A; ‘_Ac Q&M\ C);.i'ﬁ 39 XK ‘;} 4&3\5.} 4 a4l :’\A;é.l/ 3)ygd 25
9] Lowimns 358 L

& oy bl Leie b L 6.50 Leijs llasiadl (e cpeae s 33l LY gia
lla graaall 3855 25 ey Alshan) oda laig ALl AlglanN] 3 auagis Ay 05

9] Lo DLadl Al ams das (e A8y ()63
AU Al A (e dailigl) daui cal
Friability % = (Wbefore— Wafter)/ Wbefore x 100
DliaY) J8 Gl secadll )5 :Whefore
sdmy bl granall ()9 Walfter

Gy 13 Uashye SLEAY) gy ¢1.0% Lsi duilie) das Hslas YT sy
Ao calS Jla by QLY sitia ol Digadae 5 JalSIL 5yuie Cilla giiiae
el 2355 8 ey udn e Gfipe JLERY) Bale) iy 5V 8yl & Lashie LAY
(9] AN LAY (e Basligll Jlaul

.ERWEKA TAR jlea alaiinly duilig Luld g5l
Uniformity of Weight !l (wilas jlad) -
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il (g 2SI 1) Cangs Al Al A5 LAY (e Gsl) D) las) as)
Dsieall (e EP 2.9.5 Juaill 8 3y5 LS LY da iy 3 e ) sl

Al i) £ Ll ¢ g )Y)

Aapa S (e Lilgde dagunad( lodl -

sl Ohe alasinly (gabd) Sy ddagriae JS ()5
ilaaaall (335 Jonesia los

chugial e ddaguae JS )y COUA) A sl -

Qs Al mswdl gl ol Ghat) ¢ EP=11 5)0¥) AVl gy Cata

WiV g Slasiiaall () GhadY Foeall (griall (il Chat) 1 (4)ds

< sl
Tyl (goiall i) CalyaiY) (MQ) Hasesll )5l
Percentage Deviation Average Mass
10% 80mg (55l i il
(e yialy 80MG (LS|
7.5%
250mg
5% 250mg Lﬁjl-uﬁ ji )JSi
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idasine Y smr Vs edn zsmsall gsiall sl Cahad) slad Lah (il shaaal s
L10] 4 7 sansall ggial) ool Cabaiy) Cha L3y DS slay o

Drug Content Assay alladl) salall (pa gsisall 5ulaa =

Al e il 2 il 3 iy Jlpde S8 Akpa S (e Gllbgiana 10 3
Bdall Gl gadll (o Ada gl Glassl) 05l

1YL LV, 1000M1 daw yiy & (PH=6) liwsd cliy & Liall iy &

50.05mg/ml o385 Jslae e Jsmall jlall i s anal) Jasly cdgeall 58
iy e 8] 2 6% 0.22 e e el 2 B (S0HG/MI ol

@2 whe dilie 210nM dase sk die Sl Cilall (ulibe; lpualiaial

:ola) Gl 5 SOMg/MI S5

12 111100x (gylal) Apaliaial [J seaall dpalaial = Aladll saldl 35las

oo 110% oo 3 Y L 590% e Ju Y L o b guad) goan ol cany
J13] 48 giaal) daall

:Dissolution Test il jLid) -
feyu Sy «(Paddle) Claad) Aaulss I 3l JLaa) Slea aladinls bl eyl
[14] 0.5 £ 45550 403 37 5)ha Aapay Asdall 3350 50 : )5l

Judagipe e e o Aladinl go dieslse Cirgy by ¢ 6] ilisill Joladli(pH)
(2o )0 Jaat 1) il s arenal 2ic(pH-independent excipients) (pH)
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Acle1,2,3,4,5,6,7, 8, 24 23V aie Ja 7 lgie JS pas Gilie canls
by Aygaanal) il Cad ¢ A Jans gl (g paall (udiy 3all Jasg (50
Jsba e Jiguall Caall (elia alasinls die < GaliaiaV) @lls say ud <0.220m
AL Alslace A1l sl a8 e IalE 385 i 3 ¢ iagils 210 dage
[14] iyl
gl B sloal) oad Aa il -

Zero Order Model jiw 45 o joail) zigai .1

1Y) AL e lsall a0 Caay (S
Q=Qp+K.t
taill 8 5y5atall g lsall 4 QG Ca
st W a5 Joladl 8 eloal) e A0 40801 Qg
(] Sl 33alss i Dana v &) (e depud) il 1Ko
Q= K.t

e G WS cagine e Jganl) 2y cailly Aleliiall sald) 5855 (o 2Dl ) die
15] 3S5 e Akt dlaall

First Order Model 6% 40 (pa jadll zigad .2

) 385 ae hd <0 4 Jelil) deju hanp Jelo 4l o Y1 A8 Jelss Caay
Ale i) ol gal)

: )OS e A6l Al A4S (Ka
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Log C = log Cy—k.t/2.303
e small i (o) o il eloall ApaSIl Apsial) il ilesl i DAY iy
[15] —K.t/2.303 058 Jaas aiices Jad
Higuchi model _dga jadl zigad .3
DU el g6 e Jaail) 13a b slsall 3ad adiey
) Jhsaaa zdga
Q=Kpy.t1?2
deisr an il Ky

le Jeani a3ll il J3al Qe o lsall ZpaS) il Ay ghall Al oy AR Jii e
[15] aioss 1k

Korsemeyer — Peppas model (uluy jlewsS iad zigad .4
el (s eyl Al e e hsal) y3a0 Slsl Ciuag) z3saill i o Lo Llle
AL 4

M k.tn
Moo

53yl S elpal) Ha Jidiy () 233an it iy b 8y5a5al) S o1l dacS 1Moo
Ul b

4 ol b8y el e lsall s :g—;

elsal) Jlay) alla al g Blets et 1K
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celsall At Al ) atad g sLay) L en
A L) ADLRY pdylall e o 22l

Log(mt/ m=)=log k+n.log t.
OsSs Gl aple st Jilie 3y a0l 4yl Al Spledd ge el Shad) ladld) Jia xie
il gaall Alls 8 ¢ 5t Jaal Cina il N dad i claiine ilall Ladl)
FRNARY
Fickian Jy¥) els ol Gy )5aill g8 0.45 g5 5l saual () ded culS 13
.diffusion

Non-Fickian 3L i) i€ 0.45<n< 0.89 ( #shi (N) dad clS 1)
zli salay Uagime elsall 3a0 S 0.89 (sluss () 4ai cilS 135 ¢ Transport
(Case-ll transport) (relaxtional) L AR TS FU

b)) Jall AT 385 eloall )3a5 (€ 0.89 (e ST (N) dad K 13y

-(Super Case-lI transport)
ot O AT (5 Laie Ggpal Al e elsall )35 pile GupsS 3 Tasal Cuay
151 Al e St A it ol ddg e

EO fanal) (o dapa JSI 5l ol (e daas IS5 dualad) Lol V) cdlabee Gla 3
R? L)V cleles d3)lie 23 Glld ey oz dgal J$ palad] i) an)s cylanall

A elley ) JiaY) z3sail) SLials cMicrosoft excel 2013 alasiuly z il cabiad
L2V By Jales
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Ailaay) Ly -

Gl T L1 A8 25 g paal) ol (Al Y) Bl s ) 3
ad aaly paiia & L Cabias ) gaall 45l xie (One-Way ANOVA) sy
3 Gl culSy oo pitia B Calas ) ol Alial Gl U SLEAY) Lasaal,
s S Ayl clagidl o (P<0.05) sie dblas] &Y

AiBlial)g gl -3
dpanall fuall galuadl gl bl galsd .1-3

foal) Gialae el CAIT &gy yings coni 5 Sl Uy Ll (5)Jsoad) cengs
b)...a;.d\

ypanal juall Gabue el Carr A s s g2l Llg) Sl :(5)d s

pssil dggly
Foiuoh Auad | Dbty A4 @

.. (D)
pal SD SD + (%)
SD +

F1: GMS-EC | 1 00:0.1 | 69703 |29.7+0.7
1:2
F2: GMS- 1.07+0.1 | 7.84+0.1 | 30.1+0.4
EC:2:1
F3: GMS 1.06+0.2 | 5.17+03 | 26.0=+0.3

e il fall taea ekl
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USP 46 — NF _S5ua) 401 )i b sadinad) pleall e il apen <l i
[6] . 41

ASlanad) (ALl 5gludll) §ycanal) cillaghiaall AyiliasS gusudl) alsdll .2-3
(Al

i) il gaall hailly ASLendly (Anilells 35l (6)Js2al) puas:

ylmnall cillagmall hailly ASlandly ciuiliells 85kl £(6)Jsaa

Asladdl
(pla) k2D 5 gluadl
finl () | % dualagl ,
’ +SD (“am/&s)
+SD
Fl.oMs- | 993+ | 742+ | 036+ | 102+
EC 1:2 0.03 0.02 0.01 0.35
F2. GMS— | 992+ | 746+ | 026+ | 8.3z
EC:2:1 0.02 0.02 0.01 0.25
9.91 + 7.48 + 0.23 35+
F3: GM
3: GMS 0.03 0.01 0.01 0.61
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Slo le gl a5l Sy Las asbudilly Apiliel) s 8 gnall (sl Laa gl
Jaad) Gaa s %1 e Bl ganal) IS Aniligl) af i€ Y ccillagrad) (ailad
[6].USP 46 — NF 41 S5 ds0¥) jsid 8 sulaall Gy sl

Gralusddl e of e Jay Las o(ale8) uSall i daslill s gl Uil <slas

: gsinal) Splaay aagh ¢3sY .3-3

e e JS (gsinal) Bulaa il Bylanall gaall Llansl) (Y1 (7) Jsoal) s
A0 juall

cginall splaay Javdld i) 1(7)dsas

Yos sinall Bslan | (ida) (aeagl (38

Zipalf

SD+ SD+

F1: GMS—EC 102.3 +1.3 353.2 £+ 2.2
1:2
F2: GMS- 101.7 + 1.8 354.4 + 3.9
EC:2:1
F3: GMS 994 + 1.6 355.1+3.9
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Bl i) Apuatlly W (Al gl dganl) (e Lgrsan DN fpnal) il giaa oyl cils
A}Jﬂ\ L}A.AA ‘5&_9 6%102o3} %96‘70.'3" :\..u.u.\” &L\:}bﬂ 238 (4lleal) 32l %) sz:\Mj\

Aoyl 4 gl

rglagl) B el dulp .4-3
il (e 83l (el (e eIl A ghall Al (1) JSEN ey

120

=
o
o

[+
o

= F1:GMS-EC 1:2

5_adall dsaS) il & gial) dacdl)

40 ——F2:GMS-EC 2:1
20 = F3:GMS
0
0 5 10 15 20 25 30

-20 (A=lw) et

F35F25F1 jaall o syiaiall (e lals cpe LuaS) il i) il 2[1] 00
N @ 200 mg LY 100 MG (e Jgpmalad) ilead dmg S 5015 O gilial) <yl
Craans S Ao Aie) Adadi S 2ie Gl Il (e 3) jaall 4paS) ) sl (ali
el 8 P sl 1e76% 583.18% o8 yjan F25 F1 plissal)

Cua ¢ F2 F1 daall 25550 F3 Gaall (e o)l (g 8y 5a0al) 4uaSl) Cumidsl LS
Al 5 eclele 8 DA 44%J5 sl Gland amg e dyglall F3 diwall iy a
dalie (add ‘:JL\SLa 3 (‘u.udﬂ Qllall s salyy ) S L.,S.ﬂ‘ GMS s byl v
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eJLall Al A6 mlias) Ml [16] Dady) Jausg lsall (o Jladll i) edand
[16] -l e ool Ll mlias) ) oysn g 1385

Glla s 42 lua L 25 [Galvan et al.,2024] e 6 dale Ay e p3aill Gl
& Apa daie) 2hslSs i GauleS gl (e clels 8 Pl yae a0 Gld 4,06

[16] .4 dilide 3S0505 GMS (e awd Gulaady ¢ Wl

dalise Ay ALy colall & PaDU LB 8 Dhals 458 aey ¢ (EC) llans Jii) oaty
5 [17]. ,5a 56l (e 3my Lae o) e edall i oLl JUl eans Lida
Omend M 63 F2 5 F1 sl Gaa il di) ae GMS 230 G il ¢ pglil
) F3 dapally Djlie (pide lald 530 Jane salyys A0l Lginalse s ilda siaaall Ay
L GMS e cigial

el A eleal) 3ad Assa daladl L5-3

ol 73l Ay die R? L) cdlles 2 (8) Jsaall sy

R? Lliy¥) cleles o 1(8)dsoa

First
Jinall A Higushi | Korsmeyer
- order order
0.937
F1: GMS-
1 0.689(0.922( 0.928
EC:1:2 n= (0.384
F2: GMS= 1 761]0.946 | 0.953 | 0.946
EC:2:1
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F3: Gms  |0-921[0.958 0.948 | 0.841

il G o I AN e 3a3 Jaad calae] 28 F3 dagall ¢ (8) Jsand) (e LasdU
Canli )y g lsal) 535 Aoy O 6T epaY) Blal) e A3)lae oY1 AR? dag
ceYanall JSal 8 il el 385 as

i cuilSy ¢ R%.l lai, Korsmeyer Peppas L e jas F1 dawal) culaci
Js¥) el () iy H3al) s Gl Jll 5 0.43 e S (M) () 5a3 Jalae
allas (pe 91 3a5 Jasas Al Aleal) 4 L1 307 &f (ol ¢(Fickian diffusion)
RGN AR

) (pa elsall y3a3 G ol ¢ R? dal g Higuchi )5a% Jasi pe F2 dapeall cils
oAl Bl AN e L) G ) ety oadll gmail) D3 pe iy

gilany) Al it .6-3

JSF3 o clelu 8 xic (P <0.05) L iy Gysins (358 llaall ppen el
0.0135 sl F25 F3 (i (3,8 dad cils &ua (F25F1 s

(P=  culS Cua el 8 daojll dhaiill v F1 F3 (o oS By <Y (34
Al A CaaY dais 0.0003)

il gilly clalingy) —4
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Boluatll Sy e Ay il lillaiall a8 yianal) illagriadll ja Gildialge il L1

Vs ssinally 4piliells

gyl Cos ole B )55 Jaee o e Bl g pealil) Sl any el .2
ol ¥ e mleal aial)

g5 Gy 3adl) Ul e an ) 5l Les il CBEAL elsall 3a0 Jaladl cibidl .3
- dmall B Aldall ale ) cilbeS

Ofidetals e piadll ae il graae auly juiaad Gl a8 25 dDAS 4
bl Jarall A5k @lldg (3o 300) Jspmnlal) Clead ains ahaziuly (1o 50)

:aluagil . 2-4

il il il ylanal) daall e a1 Alishy deue S Sl shal a1
salad aaal) jaill elsls 48Laslly A55N (ailadl) i) e dabiaal ¢yanl
il 5 lall masally (XRPD) disdl 42 agin aladinly jall Luhay pasy .2

.(DSC)
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