Pharmaceutical
Calculations

Instructor: Dr.Areen Alshweiat




e One of the greatest potentials for error in prescription
compounding is in the area of pharmacy math or pharmacy
calculations
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e A misplaced decimal or “estimated” value for a medication can

have serious consequences including death
\

e There is no excuse for ignorance in this area and an individual
unprepared to do the necessary calculations should not be
involved in pharmaceutical compounding
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0,),&/9"/ N epresenting a
number:

e Roman Numerals:
A numeral system of ancient Rome based on letters of the Alphabet

|: one, V: five, X: ten, L:50, C:100, D: 500, M:1000
The first ten Roman numerals are: |, II, Ill, IV, V, VI, VII, VIII, IX, X
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Numbers and Numerals

e Arabic Numerals:

Most common symbols used to represent numbers

The basic symbols called d|g|ts are: 0,1,234,5,6,789
The position of a digit determines its value
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Decimals azshyis

e A decimalis a fraction whose denominator is 10 or a multiple of

10 o ~o\e0 Q\_'D,LUQO
® e.0. \O b
e 0.7=7/10
e 0.06=6/100

e 0.006=6/1000

e 0.3=0.30=0.300
e 0.3=3/10

e 0.03=3/100

e 0.003=3/1000



Using ratios, proportions, and
percentages in dosage
calculations:

e Example: a vial of Rociphen contains 100 milligrams per
milliliter. How many milliliters should be given to a patient to

obtain 650 milligrams? N 1 L
e 100mg 1ml \OO M%M > \

650mg  Xml 650 \//\3 ,m//> )<

e X=6.5ml

660%\ - £ 5
\ 6O |




Using ratios, proportions, and
percentages in dosage
calculations:

e Always look for what is being asked:
e Number of doses

e Total amount of drug

e Size of dose

e Given any two of the above, you can solve for the third
e General Formula:

4 Number of doses= Total amount/Size of dose %
Total amount= number of doses X size of dose

Size of dose= Total amount/number of doses



Using ratios, proportions, and
percentages in dosage
calculations:

e Example: how many milligrams of theophylline does a patient
receive per day, if the prescription indicates 300mg
8% 8003 ey in die

e X total amount=3 X 300rﬁg ( thiee per Aa\\\)\

X=900 mg total

e How much propranolol will a patient receive every 6 hours if he
is to receive 160 mg per day? U Howrs Fe‘/ 3@3

X dose=160 mqg/4 doses
g o _
X=40 mg 5

(60 woy w H Himes

160 _ Ho v«% every



Using ratios, proportions, and
percentages in dosage
calculations:

— 2y
Solve by your self: >

e How many doses are in 120ml of Benadryl Elixir, if one dose is
5ml? (Answer 24 doses)

e When erythromycin lactobionate is reconstituted, it yields a
concentration of 50 mg/ml. How many milliliters are required to
“ % givea 0.9 gmdose? (Answer: 18 ml)... be careful for the unit

*3%50 vmg —> 50%16° om

o
557 0.0 qm
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Percentage

e 45% =45/100=0.45

e It is not correct to divide by 100 and use the percent sign at the

same time:
e.g. 25%=25/100 and not 25%/100 157 of a
e To calculate a percentage of a percentage: \ /. (So‘\,{kw\
50% of 40% is: = 25 .1

(50/100) X (40/100) = 0.5 X 0.4= 0.2 = 20/100 =20% °° 107




Mass percentage
(fraction)

o Wit%: Percent weight-in-weight (w/w) expresses the number of grams
of a drug or active ingredient in 100 grams of a mixture (g/g)

e If a bottle contains 40 gm of ethanol and 60 gm of water then it
contains 40% ethanol by mass or 0.4 mass fraction ethanol

‘\9|”4L MaSS = ’-/O+6O :-\003\41\

Mass PZVCZV\’\' = mass ol So \u fe
Yolal mass

Koo

L1O 03”\ Gﬂ\anoL ?@/ \Do gm



Mass percentage
(fraction)

e Examples: Prepare 500 ml of Phenol glycerin
Phenol: 150 gm

Glycerin 850 gm NS = Sen Mj X U slame
Weight per ml of glycerin: 1.25g — (75 %500
So for preparing 500 ml of glycerin the quantity of glycerin
required = 500ml X 1.255 625 gm

. . |50 g~ —>¥509"
e Quantity of phenol required= 150%625/850 @ >E&259m

e So for preparing 500 ml of phenol glycerin the formula becomes: K= §25% IS0
e Phenol 110¢g o0
e Glycerin 625¢




Phenol Glycerin [P Jian pharina copa

e Method: Phenol and glycerin are mixed in a beaker. The

beaker is warmed gently until is becomes a_solution” ™
S0 yp>0 P : UN A

e Use: Local anesthetic and |QcaLan[$blLQ- Phenol N N
glycerin is used to prepare Phenol Gargle and Phenol f\‘;’f”-\
Glycerin Ear Izgop. O=d) 9 £ J o &L @:’A

BRSO = . . .
< e Cautions: Phenol Glycerin when diluted with water
SN wls 2nt g : :
22 becomes|caustic|so it is diluted with glycerin.

e Label: FOR EXTERNAL USE ONLY should be displayed in
the label.




(Nater masS = | X Soo =500 g.
Ve quired

e Examples:
Prepare 500 ml of sugar solution

Sugar 100 gm \Q O ﬁw)/% Yoo Ve
Water 900 gm X —> SOOyM

Weight per ml of water=1 gm ><_ ééﬁ < o
The quantity of water required ? (5009) - o( Y =155
Cyv\

The quantity of sugar required ? (55 g) \\/

ma<< of
5&}\39\\/

(- €c'/u\\J ed



Mass-volume percentage:

e Weight-in-volume (w/v) percentage: expresses the number of
grams of a drug or active ingredient in 100 milliliters of a mixture

e Often used for solutions made from a solid solute dissolved in a
liquid
e For example a40% w/v sugar solution contains 40 gm of sugar

per 100 ml of resulting solution

w/\/ / I ol <olufe

0o m( of <oMtion



Mass-volume percentage:

e Example:

Calculate the quantity of sodium chloride required to prepare 400
o )
ml of 2 (w/v)% solution 2_% \0

2g NaCl 100 mlsolution gy W W Hooxz

\oo

0
X 400 ml X = 0 =2 9w

X= 8 g of sodium chloride is dissolved in water to produce 400 ml|
makes 2% w/v solution




Mass-volume percentage:

e Example:
Prepare 500 ml of a 1 in 10000 solution from 1 in 5000 solution?

Strength of concentrate 1 in 5000= 100/5000=0.02%
Strength of dilute solution=1 in 10000=100/10000=0.01%

Degree of dilution= strength of concentrate/strength of dilute
solution =0.02/0.01=2 times

Volume of solution to be prepared = 500 m|

Therefore, dilute solution is obtained by diluting 500/2=250 ml of 1
in 5000 solution to 500 ml



Mass-volume percentage:

e Solve by yourself:
How much of a 5% will be required to prepare 1000 mlof a 1 in

500 solution? | c \ /
—> 200w = WU
Strength of concentrate= 5% » :_/X / =0,

J Jot=> o
Strength of%ﬁate solution=0.2% >
Degree of dilution= 25 times péj”“— o
= Stength of Gnenwyyate _ S

Volume to be prepared = 1000 ml O lekior Senafn of diluke 577,

Therefore dilute solution is obtained by diluting 40-mlef5%
solution to 1000 ml — QJ:)

' C\J [ =GV
\/D/L(IMG o _ Final Yolure . \ooo %M §x\)::o.%><g\ooo

@AC@V\\"{QLQ aimp.‘ov\ Fq\("m/ U(:L{()M(




Volume-volume
percentage:
o (v/\() percentage .expresse.s.t.he_numbﬁr_.qf_mllljliiﬁts_af_a_dmg or

e Most useful when a liquid-liquid solution is being prepared

e For example, a 40% v/v ethanol solution contains 40ml ethanol per
100ml total volume

e Example: S ml—> 100w

Prepare 500 ml otio#oﬁ%lo%grryﬁniln 50% alcohol

5 ml chloroform 100 ml of 50% alcohol X: 6 00K 5 — 25 /V\/
Xml 500 ml of 50% alcohol \oO

= d in sufficient quantity of 50%
alcohol to make 500 ml of solution







Ratio strength

Raim_siLengih_(_‘LN) is one part by weight or volume in N parts

e 1:200 ratio strength can be

—>» 1gm solid to 200 gm solid
—e 1 mlliquid to 200 ml liquid

L > T gm solid to 200 ml liquid




e Example:

If 2000 gm of ointment contain 75 gm of hydrocortisone, what is
the percentage strength (w/w) of the ointment?

2000 gm ointment 75 gm hydrocortisone

100 gm ointment X

X=3.75% QO ro—> 75

lOO % )<
Y= #5*\0° s _ | 25
QOOD J)poO Oog =



Ratio strength

e |f 8 ml of phenol were added to 480 ml of lotion what is the
percentage of phenol in the lotion?

e X=1.6% of phenol

e 100 ml of lotion contain 1.6 ml of phenol

% —> Lo

S = o0adlb

U0

Ve‘/éeV\F‘:/)é—X Joo = \-&
/ \OOO



Ratio strength

e Solve:

1. If 1.2gm of menthol is added to 480 ml of lotion, what is the
. . 7
percentage of menthol in the lotion? [. "2 oo = 15

=
Answer= 0.25% of menthol Heo
ol 91/’1 n /W
- oo | .
2. How many milliliters 6f a 0.1% solution can be made from one
@- atropine sulfate?
O |—> 0O

Answer: 1000ml







Stk é'l\v\JrC S
Concentration and Dilution

e Stock solutions are concentrated bulk solutions from which
more dilute solutions can be quickly prepared

e These solutions can be used with a ratio strength or percentage
strengths

e General formula for solvingfV1 X S1 =V2 X S2

e V1=the quantity or the amount of the original preparation

e S1=the % strength of the original preparation expressed as a
decimal or percent

e V2=the quantity or amount of the wanted preparation

o S2=the % ' as a
decimal or percent




Concentration and Dilution

e Example: if 500 ml of a 15% solution are diluted to 1500 ml,
what will be the percent strength ?

500 ml (V1) X 15% (S1)= 1500 ml (V2) X S2

S2=5% 5607\\%‘-,_—_— (§@o>(j;

= D6 NS/ sy
N T 'S 0O il '
e If 1000 ml of a 20% solution are diluted to 5000 ml what will be

the percent strength?
1000 mI(V1)X 20% (S1) = 5000 ml (V2) X S2

S2= 4% oo X L0/ = Cooo XS
S, = looox 1o/ —_H-/.
S5o000



Concentration and Dilution

e Solve:

1. How many milliliters of a 25% solution can be prepared from
750ml of a 65% solution? 05 /. x S2= oo x 65/
Answer:1950 ml S1z 75";?; = Rsoml
2. 1f 30 gm of a 45% powder was diluted to make a 30% powder,
how many grams will the new preparation weigh?
26 X Usz = M X 20,
M= 76 WA
3. 1f 20 ml of a 1:200 solution of a chemical is diluted to 500 ml,
what is the ratio strength? \ - .5

Answer: 1:5000 °

Jo Yooob= Gpex M

N

Answer: 45 gm



Recﬂjcmg and Enlafgﬁlng
formulas

e Determine the total weight or volume ofingLedLenis_and

to the required quantity. The quantity in the original and new
formulas will have the same ratio

® \I_E*U\k Wﬂlgh{’ oY Volume of i«g(eéic;n’rs [owsi'\qKB |
(D) Coni§ to the requited quantiky).

@ )( o — @/c7 ivg/.-d;ew at e(f/“ql (afo -




Reducing and Enlarging
formulas

mixture
Sodium salicylate 10g 5@ _ 0.06 (al.o
-
Sodium metabisulfate 1g @ \OOO

D.S. chloroform water 525 ml

Water ‘ YA 1000 ml @ §0§
8]

Vit-o
Answer: P}, S\ m\(o
Sodium salic Iate 0.5 — .
L oxoo5= 0% 9
Sodium metabisulfate 0.05g =
D.S. chloroform water 26.25 ml | X005 =o-° J

@ o fo> 595 Xodb = 2625 m|



Reducing and Enlarging
formulas

e Calculate the amounts needed for 100 ml peppermint water?

7
Peppermint water: ko/o_ - 0\ %dv( MCI (4,40
Peppermint 2 ml \000
Talc 15gm
Purified waterg.s. 1000 ml QXQ . \ -~ O l
Answer:
S Xol =[5

Peppermint 0.2 ml

Talc 1.5gm
Purified water q.s. 100 m|




e What is the percentage of alcohol in the following mixture ?

V1 x5B5=olml {’—,_//\AS

Alcohol S 2% 5m| (O;I_ml)

Alcohol 4% 10ml(0.4ml) Y7 K jo=olwl < \\9>§J\
Answer:

0.140.420 5 ‘\BJFCQ a\lc ohol Qaunyty = o-\JVOH
0.5/(5+10)=0.0333 =05
X=3.33% 1[0(/5(‘( C)\\C,‘O\\C\ Jolume = 10:5=15

D5
S 23> 7(\00

/. :2 \OO O




Alligation method

How many parts of an 20% w/v solution and 8% w/v solétion are needed to produce
an 10% w/v solution?

e Solution of Highest Concentration: 20% w/v , ?O’ l/%g

e Solution of Lowest Concentration: 8% w/v

e Solution of Desired Concentration: 10% w/v

e Subtracting the lower concentration (8 w/v) from the desired concentration (10%
w/v) = 2 (higher concentration ratio value)

e Subtract the desired concentration (10 w/v) from the higher concentration (20%
w/v) = 10 (lower concentration ratio value)

This gives us a ratio of 2:10 (higher concentration : lower concentration)

Let's suppose that the question asked us to produce 500mL of 10% w/v solution.

In this case, we know the ratio — 2:10

In other words, 2 parts higher concentration to 10 parts lower concentration.

In other words, there are 12 parts (2 parts + 10 parts):

e 2/12x 500mL =83.33mL

e 10/12x 500mL =416.66mL




|lso-osmoticity and
Isotonicity

e Osmosis is a phenomenon t?g&gcgj\r when a semipermeable

membrane (permeable 6nl I
(p 6nly ke

solvent molecules) is used to
separate solutions of@ﬂ”éfent solute concentrations)—, 7%

he frefue
_ /e The Solvent molecules cross the membrane from_lowerto " fre
©> "\~ higher concentration to establish a concentration equilibrium

— o® The pressure driving this movement called|{osmotic pressure

W y
e Osmotic pressure is governed by the number of particles of |
ﬁut/e in solution 1 wumber of sobie parbicles T Osmatic

. . . . Ve
so-osmotic solutions: solutions containing the same f'/cjg"‘ C
o concentration of particles and thus exert equal osmotic pressure

o o nouement sovgent)\
g5




This s & This ks an

Hypotonic Solution Isotonic Solution
(in relation to the bag contents) {In ralation to tha bag contants)

Beaker A Beaker B Beaker C
100 ml dH:0 100 ml 25% sugar 100 ml 50% sugar

In the final experiment, watch what happens when a bag containing 25% sugar is placed in a

beaker containing 50% sugar. In this case, the solute concentration of the beaker is higher than
that of the bag

ICotonic «— TV ¥ % Sluke QD 1558 Tig JAH Fani ¢
Solution  (nhavenows) | L Selube <— Hypo ¥
Z) 4
(MA\J:\ | A Solube < Hy?e,\/vﬁ‘
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Hypertonic _Isotonic | Hypotonic

%
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1S0-ocpnohc = icotonic

|lso-osmoticity and
Iso;étonicity .

e Al0.9% 3olution of sodium chloride (normal saline) is iso-

osmafic OLwoXiC
e osmotic with blood Plessule Nag| = QeEunie bloy)

S
c>sv«\‘%Q Is/o?onlc means equal tone and sometimes is used
R iRtetehANgeably with the term iso-osmotic

e The importance of using.isotonic or iso-osmotic solutions is to

assure that there is no tissue damage or pain when the
formulation is administered = SQP\‘\}\

e Hypotonic solutions produce painful swelling of tissues
e Hypertonic solutions produce painful shrinking of tissues




Methods used to adjust the
isotonicity of compounded
solutions:

1. Sodium chloride equivalent method:

e the most widely used

e The NaCl equivalent @s the.amount of NaCl that has the same
osmotic effect (based on the number of particles) as 1gm of

- d ‘
r>
S Tébiteds gf (E) for various drugs are available in standard ]
2y ) ‘;}\>~9>LL;AS _/f}“?ﬂ U‘;’;

references
2. Cryscopic method — }:AP\s—*‘ = 3=l N

\

3. Isotonic solution V values
[ e
\V/ £
RENIANCE

Horednc i i’sﬂ'




Sodium Chloride
Equivalent Method:

e Example: Calculate the amount of NaCl required to make the
following ophthalmic solution isotonic:

Atropine Sulfate 2%

NaCl g.s.
Aqua. Dist.q.s.ad. 30 ml

* each gram of atropine sulfate can be replaced by 0.13 g of NaCl| \9m F
HH@/DMG

NI %v\/\ — oo wl Snlfake

oW

N EOW\L of Nacl

L
S

X:O'/Li)’ %M O(;/\)O‘CL ygo ]




Sodium Chloride
Equivalent Method:

1. Determine the amount of NaCl to make 30 ml of an isotonic
_solution:

e (.99 of sodium chloride in 100 ml of water will make an isotonic

solution

e 0.9gm 100 ml X {\)ch | = OVOT\\Q/O
e X  30ml Coton< ZJ’M

e X=0.27gm O q /




Sodium Chloride
Equwalent Method:

2. Calculate the cgniﬂhumm of atropine sulfate to the osmotic

pressure of the solution (the sodium chloride equivalent for
atropine sulfate (E)= 0.13):

e 30 ml X2g/100 ml= 0.6 g atropine sulfate will be present in the
formulation

e 0.6g X 0.13=0.078 gm will be the sodium chloride equivalent

contribution of atropine sulfate

X:@'é %\N\ D& CZWOPMC 5(4(&4%(

PP



Sodium Chloride
Equivalent Method:

3. Determine the amount of NaCl to add to the formulation:

e The sodium chloride needed to make the final solution isotonic
Is calculated by:

0.27 gm-o.078:5 Vac . should be xdded

4. What if boric acid is used to adjust isotonicity in ophthalmic
solution because of its buffering and anti-infective properties:

o Efor boric acid=0.5 = lgn Bofic acid = 05 g Vacl
e 0.192g NaCl X g boric acid .G q— | q

e 0.5gNaCl 1 gboric aC| \\yoé_g\ﬁl —> X

e X=0.38¢ X_ o |A2LX! _ Og&\-\gw\

amount of &o(\:Mni_& o5




|sotonic Solution V Values

e The V value of a drug is thevolume of water |to be added to a
specified weight of drug to prepare an isotonic solution

e The V values are given in tables constructed for

of druq
o Y] bl ™

* The baic pacipl s topreparg ah sooric soutonof e
prescribed drug and then di ' '

with a suitable isotonic vehicle




Extra practice

e A physician asks a pharmacist to calculate the dpse of acough
syrup so that it may be safely administered dropWise to a child.
The cough syrup contains the active ingredient
dextromethorphan HBr, 30mg/15ml, in a 120-ml bottle. Based
on the child’s weight and literature references, the pharmacist
determines the dose of dextromethorphan HBr to be 1.5mg for
the child.

The medicine dropper to be dispensed with the medication is
calibrated by the pharmacist and shown to deliver 20 drops of the

cough syrup per 1 ml.

~ Calculate the dose, in drops, for the child? (answer 15 drops)
Ge<HNSp | @ $=mis Q) mlds
1 15wg 2> o\

m \m[L—>20 dro es
20 mj—éls l 2pog—> I e X

i i | mL \-%Ni’ﬁ X ‘ ‘




Extra practice

PPN 1o Ul dS

e Theregimen for a drugis as follows: 5 mcg/k
Calculate the dose in mcg that a 143 Ib patient receives in a month. (1 Ib =0.453 kg)

. 323.9
.647.8

. 1101

o |10 | T o

. 453

a.2965 () ushbs

b. 1186
c. 187

ﬁ(@thén 7 mcg/kg@2weeks.

D OZINR d?_il;hﬁ @ a0lacd) | In one months
| Ib =0 Y53 K PN : Jol | Wolspe
IY37b %OXH ! Lx&H.78 :7’(4{ 7€ -\,&;»\ T Ol @
X= 6472K9 = 2134 = Us3 46 | - AUl
1 204 WY =R g '
e\ B Q_J—wloﬁf HQ+Lf€H
B ' Py IO’)_ mC
324 x2=44¢ 1o ey
c
e How many milligrams of a drug does a 187 Ib patier:‘} receive over a 4 hour period if
the recommended dose is 3.5 mg/kg/h?
DI 1@ Hoxs
|82 3oxeu7 | Yy
- = 2016'“\5 —\|R5-% ™
)(:@47 Vﬁ ng | j

d. 2372




Extra practice

e The pediatric dose for an antibiotic is 10 mcg/kg/day for 5 days. How many micrograms
should be given to a 45 Ib child for the entire treatment period?

a. 1019
b. 204
c. 2038
d. 90
e.40.9

Do § 5
| Tb—>0 452 Ky
N5 —> X
X:Q_O %%BK(j

v oY Kj

@

\0 X 204
= 204 W\Gj/o’q]

® L5 >

5 X204 =020
\MCS

e A dose of 2 mg/kg of an antibiotic results in a peak blood serum level of 5 mcg/mL. How
many milligrams of the drug should be given to a 143 Ib patient if a peak blood serum level of

5.5 mcg/mL is desired?

a. 130
b. 65

C. 286
d. 357.5

@u}ﬁh}iﬁg

\ UJ—%O%?KCJ 2 XbY4-%

|42 —> X
X=56H 33

¥ acdi b uldy o Lugubl ¥ Pacy) ,T“ﬂ“g

N
e dlgus
@ ’-%5&#4\
5—> |86 m9
55—>X

X=\1254 mg




Extra practice

e Pharmaceutical Calculations, Howard Ansel,
31th Edition, 2010 (chapter 7 )
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