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Optimization in Development
of

Paracetamol Syrup Formulation
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ABSTRACT

This study aims at developing paracetamol syrup formulation by
applying optimization technique. Cosolvents compose of polyethylene glycol
4000 (PEG 4000), propylene glycol (PG), sorbitol (S), glycerol (G), syrup,
and water. The experimental design used central composite design of 18
formulations with 4 independent variables, i.e., PEG 4000, PG, S and G.

The solubility of paracetamol in each formulation was measured at
room temperature, and the mathematical model describing the relationship
between the cosolvent amounts and soiubilities is determined by regression
analysis. Meanwhile, taste and price could be calculated directly from the
available information of each cosolvent.From these relationships,simulation
on computer could be performed to achieve the most desirable formulation
automatically. The solubility results is also validated to be reliable.

The software listing is also shown.
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W17 LI WeR (Paracetamol) Lifudineitutuie antiitdiuednwns
WA LTt JULUUEN LASENTEIHII LTANER T TMINETUNa AR By U
snifla (tablet) vwindeu(syrup) sniwviupznou(suspension) uay dan-
L9ad (elixir)  wwiupiadmiiisiun  Snazwegiuguvesentiu doni e
ranumMITuliznu
C WITLTNDR ALAITIAIDY  URTATA Y IARueanaBea (alcohol)
nALtavea wieRdulnasea (1) Flugunuusnedun 8antaTanInLe3niaTay
wtueanszes L fudmmazatuim uasmutugueni fanamiuifn myisusane-
v L fudvmazaeas biimnzaainiifesain ueaneses vl hypoglyce-
mia(1)%udnin salumyiaioemingen e fusesiiimezatinifiedy
WNIREABFIBIHI T TR NEA (2,3, 4)
myifendamazats i tmngen fuderndu tnnzeeeeilelies
wazmuaendu tumdn  Fwnazaroviewiciaiunnisite  wed Le3Futnanea
Fednngat fusdnssneutuenitimeuenitu Al Tatu(1) wenanideidiiu
Fmazatrmiuieiiazam gl Ieen Uy solid dispersions(5) ude
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W wee Lad (7—14)Lﬂu33n71ﬁazﬁaU%ﬁhﬁiﬁmuﬁgﬂsmﬁiﬂwﬁiﬁﬁﬁﬂﬁtaﬂwqLﬂu
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AANNIYDIHHAR
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CRRIL Y
1.Paracetamol powder
2.Polyethylene Glycol 4000
3.Propylene glycol
4.Sorbitol
5.Glycerol
6.Syrup USP
g yLainnuilannan uien e iR

(adavile
1.UV Spectrophotometer
DUR 64 Beckman Instruments,Inc. U.S.A.
2.pH meter
Model SA520 Orion Reseach,Inc.
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UNTYDDNUUUM TNARBNYHAY standard error UBIWITELABINIAIINNTY
ALANLHENNN 0A00uAWIAA g MY Central Composite Design axiflu
ewiledaientdmanndals gaiwiu 18 garFedeunuud3 central Composite
Design (7-11) war@¥IadouA Nt Faiie 1nveaun I0anay navaaaawana Ui
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18 azifummeanadn ReyIz Lfus MM IT N Y Tataya

AR 1 A2981NNNIIBNLUUN INARBNILUY Central Composite Design*

ansuil X Y u Z
1 =1 -1 -1 -1
2 +1 -1 -1 +1
3 -1 +1 -1 +1
4 +1 +1 -1 -1
5 -1 -1 +1 +1
6 +1 -1 +1 -1
7 -1 +1 +1 -1
8 +1 +1 +1 +1
9 +1.6 0 0 0
10 -1.6 0 0 0
11 0 +1.6 0 0
12 0 -1.6 0 0
13 0 0 +1.6 0
14 0 0 -1.6 0
15 0 0 0 +1.6
16 0 0 0 -1.6
17 0 0 0 0
18 0 0 0 0

[ . & i %
* ﬂﬂﬂﬁﬁuﬂﬂuﬂﬁﬁuﬂaﬂﬁﬂﬂuﬂj1W0u1ULﬁu91ﬂ3ﬂﬁmﬂﬁiﬁ1ﬁ | %uﬂﬁ%ﬂLﬂuﬁﬁﬁ
+1.6 --—>7.2 ,+1 -~->6.0,0 --> 4.0 ,-1.0 --> 2.0 ,-1.6 --> 0.8



Central Composite Design UFASIWAIIINN 2
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wan1 e insENTAveY gaianiue i enniisanen ALy

AT 2 HanWeAReIadd Central Composite Design

a3y X Y U z 38 ARERIe* pH I
1 2.02 2.00 2.00 2.00 2.82 1047.70 6.16 0.89
2 6.06 2.00 2.00 6.00 4.90 2282.40 6.50 0.65
3 2.05 6.00 2.00 6.00 3.74 1488.30 6.58 0.47
4 6.02 6.00 2.00 2.00 4.57 2287.40 6.78 0.37
5 2.03 2.00 6.00 6.00 4.07 1189.50 6.35 0.12
6 6.00 2.00 6.00 2.00 4.90 1741.70 6.32 0.65
7 2.03 6.00 6.00 2.00 3.73 1255.90 6.46 0.47
8 6.00 6.00 6.00 6.00 5.81 2383.00 6.55 0.23
9 7.21 4.00 4.00 4.00 5.49 2204.40 6.56 0.42
10 0.81 4.00 4.00 4.00 3.17 1150.30 6.48 0.70
11 4.02 7.20 4.00 4.00 4.54 1814.20 6.44 0.28
12 4.02 0.80 4.00 4.00 4.09 1346.50 5.99 0.84
13 4.01 4.00 7.20 4.00 4.81 1590.90 6.38 0.50
14 4.01 4.00 0.80 4.00 3.82 1627.10 6.42 0.62
15 4.03 4.00 4.00 7.20 4.82 1772.90 6.43 0.50
16 4.02 4.00 4.00 0.80 3.82 1492.30 6.53 0.62
17 4.08 4.00 4.00 4.00 4.34 1675.40 6.37 0.56
18 4.04 4.00 4.00 4.00 4.33 1681.40 6.35 0.56

* JRANIN/50 HARANY
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Best model of Solubility
N Mean.Err Mean.Sq.Err Adj.R2 F(7,10) p-value
18 6.57E+01 3.71E+03 0.97769 105.62 < 0.00001

P1 = 6.779647 ‘SE  8.812277E~-02
P2 = -.126402 ‘SE 6.668624E-02
P3 = 5.168648E-02 'SE  6.08604SE-03
P4 = -5,538856E-03 'SE  6.085679E-03
PS = 3.816023E-02 'SE  6.08161SE-03
P6 = -7.934417E-05 'SE 5.305214E-05
P7 = 7.475764E-02 'SE  1.855178E-02
P8 = -6.262458E-03 ‘SE  1.531221E-03

Solubility = EXP{ P1 + P2*X + P3*Y + P4*Z + P5*U +
P6*X*Y*Z*U + P7*X"2 + P8*X"3)

Polyethylene Glycol 4000

Propylene Glycol

Sorbitol

NS o< X
f

Glycerol

Viguaamuna fumisFeduid i Son. TeonmueaRa NI

vosE1 e L fusall
widan fisneamnou i 1
oA LadAUNaABa 4000 fiAA1 WU Ny O
wyaRaulnaaaa AAAMEIIUW Linffu -1
W93ivea AfAuwIL Ly 0.6
N LT YeR HAANA IR iy 0.6

SUGARSWEETNESS (S) =.(0.6*U + (40-X-Y-Z-U) + 0.6*Z - Y)
X

Polyethylene Glycol 4000 Y Propylene Glycol

U = Sorbitol yA Glycerol

ﬂwngﬁvd' WABNII LABTIROEOUM I WUTIA (S) AragIEwing
11.9 - 34.9 why  Jwduiilouiaaigeiiacun Tugud uazigged
vty 1 il

AUl = (éwﬁiﬁhwnnwxﬂﬁuam - 11.9)/23
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PRICE = (1.2*165+170*PEG + 42*PG + 80*SORBITOL + 80*GLYCEROL
+10*SYRUP) /450

ot . [ 7
iqﬂqiuwuLﬂuiqﬂqﬂﬂQﬁdﬂﬁazaqﬂijﬁh1uiﬂ§1N71ﬂWW117Lﬁﬁqﬂﬂa

pH
Nndoyaittauans Wit é pH e U ATiANANR L AoefuSa
i fuge arwnat L ful e mduni L Sanendu Sedaiiety

U 1-5 uaseniifully kavesdImazaeTuAaT TiaRaN 1 IRLA BB
MLEANER 1AEITTRBNEn U EReNRI LABY  N1afe FaAIUINNERIM
LU RIANE Ut L wilouliu 9 L AENARBNATY LEIAIIMNAIN IRTAVUTBNERT
andul Ansezaneite fuleituresulnedmazatowanorils musawa ity
nWiteaiade Bianan JouassLTunwma el e 99ISanenwain  hyper-
surface gUnTWMRALAEY nanfe  deums X 1¥suinifuulinaves sYrup
WimNEM N URNETENE UL LUABU TN eI aTa U g duL 1 LR 9
i nwsaxn;ﬂwaawngﬂniwwLnéﬂﬁézﬁb09ﬁﬁqﬁqL?ﬂﬁﬂhaaﬂcaawédu



SIMULATED SOLUBILITY (mg/50 mL)

SIMULATED SOLUBILITY (mg/50 mL)
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SIMULATED SOLUBILITY (mg/50 mL)

SIMULATED SOLUBILITY (mg/50 mL)
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SIMULATED SOLUBILITY (mg/50 mL)
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Rx
Paracetamol 1.20 g
Water ) 10.00 ml
PEG 4000 3.81 g
Propylene Glycol 7.74 ml
Sorbitol 1.38 ml
Glycerol 0.80 ml
Syrup USP. gs. 50.00 ml

The expected solubility of paracetamol is 1.73 g/50 ml
The calculated taste score is 0.35 unit

The calculated cost is 2.13 baht/50 ml

(A mIazae’3Ivs 1.81 g/50 ml)

i 2

Rx
Paracetamol 1.20 g
Water 10.00 ml
PEG 4000 6.78 g
Propylene Glycol 1.45 ml
Sorbitol 1.63 ml
Glycerol 0.99 ml
Syrup USP. gs. 50.00 ml

The expected solubility of paracetamol is 1.83 g/50 ml
The calculated taste score is 0.77 unit

The calculated cost is 1.60 baht/50 ml

(‘AN TAZAIWIININ 2,02 g/50 ml)
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aThd 3

Rx
Paracetamol 1.20 g¢
Water 10.00 ml
PEG 4000 4.11 g
Propylene Glycol 6.38 ml
Sorbitol 1.33 ml
Glycerol 0.95 ml
Syrup USP. gs. 50.00 ml

The expected solubility of paracetamol is 1.71 g/50 ml
The calculated taste score is 0.45 unit

The calculated cost is 2.05 baht/50 ml
(‘FAMNTATAIERINIA 1.88 /50 ml)

v 4

Rx
Paracetamol 1.20 g
Water 10.00 ml
PEG 4000 4.31 g
Propylene Glycol 7.61 ml
Sorbitol 0.83 ml
Glycerol 1.81 ml
Syrup USP. gs. 50.00 ml

The expected solubility of paracetamol is 1.95 ¢/50 ml
The calculated taste score is 0.33 unit
The calculated cost is 2.19 baht/50 ml
[ .
(‘M Iazas’INia 1.89 g/50 ml)



-14-

Ui S

Rx
Paracetamol 1.20 g
Water 10.00 ml
PEG 4000 2.94 g
Propylene Glycol 6.61 ml
Sorbitol 0.81 ml
Glycerél 5.74 ml
Syrup USP. gs. 50.00 ml

The expected solubility of paracetamol is 1.72 g/50 ml
The calculated taste score is 0.41 unit

The calculated cost is 2.75 baht/50 ml

(‘A IMTazaIBaINie 1.72 g/50 ml)
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andeyaiitaawundauuinmesntdiu 2 ndu o nduuan seatffuteyaain
nMmeaea i iaenie AnIazaty pH  ngnfidey @m0 Inemum 9 iauaTfe I8
WAZTIA AN IMARBTAENUI sumInAnBsE i L e fum TazaBYe I IN-
\9AaEARAN R2 adjust §4 (R2 adjust 0.97769) wwnnidefelnizdunile
U 1-5 wuin wedtedAuinasen 4000 (Tudmazaiuiwiitinanenny
LANHVDIN T LTANBARNNTIER (JUA 1) Wailoraaz L iwanniwined La3Aulnasea
fitminboanage 1 1Tuned e TTwzainen  uar iy eildmves L uses
AUy T B aNRTeNENE N IR Ut 1IN T HINe TATIE
winile (5)  wiiilasdesiluinane svnazaneddu et L mn e
AuuinaewieRauinases Ak TR TazasT N 1 L1 aeR LTy
MeLguty (Uil 2) uAsebilsudesllouwed Leddutnanea 4000 # miund Lvavea
i wuinay bisosilanenn IazaIEY TN T L IAWEA LT L Tudmmaaneuifus
wiazanoviedu (JUi 3) i w vt omeais wui i Tazaere -
roaueaapaatimioy (JUf 4)  dnunesiuden UsP axfinannaRi M IRLAY
ToNWI T LR wBRasateE L e TR (U 5)
FWHUIINTBWIIU # N I0ANEIR IAERIIININA TBNE Wegunn iy
9 Tesatenanduiutiaianiiveae i ful e @ pH  veentuwuingden
Ina L Ao AuriAdutIUIzNe pH 6 - 7 ﬁiwuuﬁnﬁwqﬁﬂﬁﬂﬂawuaﬁﬁmﬂuwwquﬁﬁﬁ
dahdenada pH tfudadaRueaninveeniu Teseylaninaniudan Aawiifldou
Urzneuiiranusiviugainiuiiianeaestuid a1 pH Arvazegiutastna doeil
MuBein pH Fanan 2 BN azR0mN LNIIZAN IATATHYDEIN T L TR THBAILANAIZ
gAUYN pH Jewine 5 0 7 (15)
W Agnmaemon @ sowsnds i fuiinwietun s @engaianuts
Lu usadneifimum mareuIeAYLi by Feniddeutneenn Lilaeanus
el AN 309U 3 $uTaiuensn e
Fwusfug i feswn i Loewea ennmeasilanan souniudi i
ariumuuy SeguAsamnIn1danitianuaaReann T wesnelsfiaam g
AIWDIIMIUAITE  NAU AILENTUTWANEIS 7 LA §0IuAeIERLT R
To1AuNARe1IA (Sodium chloride) nwdndn(Citric acid) WA UTHLALN
(Saccharin sodium) tfusu duanussndufisiafiazaintiie nesadianien
Wimnaniudiat 19y uaandunadeven fadvazusedindow (fusu  vansnilf
AT LANENIOUBN (Preservative) LTU LA3aW1I1LUU(Methyl Paraben)wia-
RN IILUL (Propyl Paraben) asluiusiussifediinnnuiiluszaninmuas
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K .
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Aud version 3 YUl wisA1u Borland Turbo Basic compiler version 1

TRUE = (1=1): FALSE = NOT TRUE
DEF fnSCORE.TASTE(ImportantScalc)
STATIC SUGARSWEETNESS
SUGARSWEETNESS = (0.6*SORBITOL + SYRUP + 0.6*GLYCERIN - PG)
‘We found that, using such formula, the taste varies from
' 11.9 - 34.9 unit
fnSCORE.TASTE = (((SUGARSWEETNESS-11.9)/23)ADiscriminationPower)*ImportantScale
This definition of taste score will make its value ranging from 0 to 1
END DEF
DEF fnSCORE.PRICE(ImportantScale,price)
‘The simulated price will always varies from 1.6 - 4.1 baht/50 mL, thus,
IF Price=>4.2 THEN
fnSCORE.PRICE=0
ELSE
fnSCORE.PRICE=(((4.2-Price)/2.7)"DiscriminationPower)*ImportantScale
‘This definition of price score will make its value ranging from O to 1
END IF
END DEF
DEF fnAsk(Question$)
PRINT Question$;
INPUT "",xxx$
Ignore = (LEN(xxx$)=0)
fnASK=VAL(xxx$)
END DEF

DiscriminationPower=fnASK("Discrimination power is (1 to 3): ™)
IF Ignore THEN DiscriminationPower=1
IF DiscriminationPower>3 THEN DiscriminationPower=3

IF DiscriminationPower<l THEN DiscriminationPower=1

TotalScoreTaste=fnASK("Total score for TASTE (Default 1) is: )
IF Ignore THEN TotalScoreTaste=1
TotalScorePrice=fnASK("Total score for PRICE (Default 1) is: *)

IF Ignore THEN TotalScorePrice=1

WaitingTime=fnASK("How long you can wait (in minutes) ? ")
WaitingTime=WaitingTime*60 ‘turn to second

OutputFile$ = COMMANDS$
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WantFile = NOT (OutputFile$ = SPACE$(LEN(OutputFile$)))
IF NOT WantFile THEN INPUT "Report to file : ", OutputFile$
WantFile = NOT (OutputFile$ = SPACE$(LEN(OutputFile3)))
IF NOT WantFile THEN OutputFile$ = "SCRN:"
OPEN OutputFile$ FOR OUTPUT AS#l
WRITE#1, "PEG4000","PG","SORBITOL","GLYCERIN","SOLUBILITY", "TASTE","PRICE"
Counter..=0
PreviousScore=-10000
Success=FALSE
START=TIMER
FormS$="##.## #H# H#H HH#H HARHE#  HEE HE
DO UNTIL(TIMER-START=>WaitingTime¢)OR(START>TIMER)'past midnight!
Counter..=Counter.. + 1
PEG4000 = .8 + RND(TIMER) * 6.5
PG = .8 + RND(TIMER) * 7.1
SORBITOL = .8 + RND(TIMER) * 6.8
GLYCERIN = .8 + RND(TIMER) * 7.1

X = PEG4000
Y =PG
Z = SORBITOL

U = GLYCERIN
SYRUP=40-X-Y-Z-U

REM PEG4000. PG. SORBITOL. GLYCERIN. solubility. [Calculated}

REM 202 2 2 2 1047.7 [ 1040.1 ]
REM 6.06 2 2 6 22824 [ 2166913 ]
REM 205 6 2 6 1488.3 [ 1484.794 ]
REM 6.02 6 2 2 22874 [ 2270.122 ]
REM 203 2 6 6 1189.5 [ 1178.781 ]
REM 6 2 6 2 1741.7 [ 1802.363 ]
REM 202 6 6 2 12559 [ 1238.189 ]}
REM 6 6 6 6 2383 [ 2365.717 ]
REM 7.2 4 4 4 22044 [ 2235474 ]
REM 8 4 4 4 1150.3 [ 1164.833 ]
REM 4.07 4 4 4 1675.4 [ 1639.093 ]
REM 404 4 4 4 1681.4 [ 1630.956 ]
REM 401 72 4 4 1814.2 [ 1883.806 ]
REM 402 08 4 4 1346.5 [ 1400.433 ]
REM 401 4 72 4 1590.9 [ 1568.584 ]
REM 401 4 0.8 4 1627.1 [ 1679.007 }
REM 402 4 4 72 17729 [ 1812.722 }
REM 401 4 4 0.8 14923 [ 1455.232 ]



REM #**#*x* Best Model of solubility.
' N Mean.Err Mean.Sq.Err Adj.R2 F(7,10) p-value
0.97769 105.62 < 0.00001

' 18 6.57TE+01 3.71E+03
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Pl = 6.779647 ‘Standard error 8.812277E-02
P2 = -.126402 ‘Standard error 6.668624E-02
P3 = 5.168648E-02 ‘Standard error  6.086049E-03
P4 = -5.538856E-03 ‘Standard error  6.085679E-03
P5 = 3.916023E-02 'Standard error 6.081619E-03
P6 = -7.934417E-05 ‘Standard error  5.305214E-05
P7 = 7.475764E-02 ‘Standard error 1.855178E-02
P8 = -6.262458E-03 ‘Standard error 1.531221.E-03

R = EXP( P1 + P2*X + P3*Y + P4*Z + P5*U + P6*X*Y*Z*U + P7*X"2 + P8*XA3)

SOLUBILITY = R
Soluble = (Solubility => 1500)
SOLUBILITYOK = (TRUE)

S.TASTE = fnSCORE.TASTE(TotalScorcTaste)
TASTE = S.TASTE
TASTEOK = (TRUE)

PRICE = (1.2*165+170*PEG + 42*PG + 80*SORBITOL + 80*GLYCERIN +10*SYRUP)/450
S.PRICE = fnSCORE.PRICE(TotalScorePrice,price)
SumScore = S.TASTE + S.PRICE
AllOK = Soluble AND (SumScore > PreviousScore) AND (SumScore > 0)
IF AlIOK THEN
PRINT USING Form$;PEG4000,PG,SORBITOL,GLYCERIN,SOLUBILITY,TASTE,PRICE
Success=TRUE
PreviousScore=SumScore
BestPEG=PEG4000
BestPG =PG
BestSorbitol=SORBITOL
BestGlycerin=GLYCERIN
BestSolubility=SOLUBILITY
BestTaste=TASTE
BestPrice=PRICE
END IF
Keyboard$=INKEY$
IF Keyboard$=CHR$(3) OR Keyboard$=CHR$(27) THEN SYSTEM
'CHRS$(3) is <Ctrl>+<C> key; CHR$(27) is <Esc> key.
‘User can press <Esc> or <Ctrl><C> to quit immediately.
LOOP
CLS



IF Success THEN
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PRINT#1, "Simulated Paracetamol Syrup Formula"

PRINT#1, " CONDITION:"

PRINT#1, "Waiting time: ";WaitingTime;" seconds"

PRINT#1, "Power of discrimination:";DiscriminationPower

PRINT#1, *Total score for TASTE : ";TotalScoreTaste

PRINT#1, "Total score for PRICE : ";TotalScorePrice

PRINT#1, " "

PRINT#1, "Rx"

PRINT#1, " Paracetamol 1.20 g

PRINT#1, " Water 10.00 ml

PRINT#1, USING " PEG 4000 #Ht#Ht g"; BestPEG
PRINT#1, USING " Propylene Glycol ##.4# ml"; BestPG
PRINT#1, USING " Sorbitol .4 ml"; BestSorbitol
PRINT#1, USING " Glycerin #ti#t ml"; BestGlycerin

PRINT#1,
PRINT#1,

Syrup U.S.P. gs. 50.00 ml"

PRINT#1, USING "The expected solubility of paracetamol is ##.## g/50 ml"; BestSolubility/1000
PRINT#1, USING "The calculated taste score is #.## unit"; BestTaste
PRINT#1, USING "The calculated cost is ##.#44# baht/SO ml"; BestPrice

ELSE

PRINT#1, "Not success, waiting time too short or too stringent criteria.”

END IF
CLOSE#1
SYSTEM



