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I. INTRODUCTION 
A. Active pharmaceutical  ingredient (API)  

1.  A drug substance  is  the API or  component  that  produces pharmacologica l  

ac t iv i ty.  

2.  The API may be produced by chemical  synthes is ,  recovery f rom a natura l  

product,  enzymat ic  react ion, recombinant  DNA technology,  fermentat ion,  or  a  

combinat ion of these processes. Further puri f icat ion of  the API may be needed 

before i t  can be used in  a  drug product.  

3.  A new chemical enti ty (NCE)  is  a  drug substance wi th  unknown c l in ical ,  

toxico log ic ,  physical ,  and chemical  proper t ies .  In addi t ion, the U.S. Food and Drug 

Admin is t ra t ion (FDA) cons iders  an NCE as an API  that  has not  been approved for  

market ing in the Uni ted States. 

4.  The identi ty,  strength,  qual i ty,  and puri ty o f  a  drug substance depend on 

proper  contro l  o f  the manufactur ing and synthet ic  process. 

B. Drug product  

1.  A drug product  is the f inished dosage form  (e .g . ,  capsule,  table t,  in jec tab le) 

that  contains  the API ,  general ly in  associat ion wi th  o ther  exc ip ients ,  or  iner t  

ingredients . 

2.  The exc ipients in the drug product  may af fec t  the funct ional i ty and per formance 

of  the drug product ,  inc lud ing modi f icat ion of  the ra te of  drug substance re lease,  

improving drug s tab i l i ty ,  and masking the drug tas te. 

3.  Di f ferent  approaches  are genera l ly used to  produce drug products  that contain  

NCEs,  product l ine extens ions,  generic drug products ,  and spec ial ty drug products . 

C. New drug product development  

Drug products  contain ing NCE are developed sequent ia l ly  in  the fo l lowing phases. 

1.  Precl inical .  Animal  pharmacology and toxico logy data are obta ined to determine 

the safety and ef f icacy of  the drug.  Because l i t t le is  known about  the human and the 

therapeut ic / toxico log ic  potent ial ,  many drug products  wi l l  not reach the marketp lace.  

No at tempt  is  made to  develop a f ina l  formulat ion during the prec l in ica l  stage.  

Noncl inical  studies  are nonhuman s tudies that  may cont inue at  any s tage of  

research to  obtain  addi t ional  in formation concerning the pharmacology and 

toxico logy of  the drug. 

2.  Phase I  

a.  An Investigat ional  New Drug ( IND)  appl icat ion for  human test ing is  submi t ted to  

the FDA. Cl in ical  test ing takes p lace af ter the IND appl icat ion is  submit ted. 
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b.  Heal thy volunteers  are used in phase I  c l in ica l  s tud ies to  determine drug 

to lerance and toxic i ty.  

c .  For  ora l  drug adminis tra t ion,  a  s imple hard gela t in capsule formulat ion conta in ing 

the API  is  usual ly used for  IND s tud ies. 

d.  Toxico logic studies—inc luding acute,  chronic ,  subchronic ,  and mutagenic i ty—and 

other such studies in  various an imal  spec ies are p lanned dur ing th is  phase. 

3.  Phase I I  

a.  A l imi ted number of pat ients  wi th  the d isease or  condi t ion for  which the drug was 

developed are t reated under c lose supervis ion. 

b.  Dose-response s tud ies,  bioavai labi l i ty ,  and pharmacok inet ics  are per formed to 

determine the opt imum dosage regimen for  t reat ing the d isease. 

c .  Safety is  measured by at tempt ing to  determine the therapeutic index  (ra t io  o f 

toxic  dose to  ef fec t ive dose).  

d.  A drug formulat ion having good phys ico-chemical  s tabi l i ty  is  developed.  

e.  Chronic  toxic i ty studies are star ted in  two species;  such s tud ies normal ly las t 

more than 2 years '  durat ion. 

4.  Phase I I I  

a.  Large-scale,  multicenter c l inical  studies  are per formed wi th  the f ina l  dosage 

form developed in  phase I I .  These s tud ies are done to  determine the safety and 

ef f icacy of  the drug product  in  a  large pat ient populat ion who have the d isease or  

condi t ion for which the drug was developed. 

b.  S ide ef fec ts  are moni tored. In a  large populat ion,  new toxic  e f fects  may occur  

that  were not evident in previous c l in ica l  t r ia ls.  

5.  Submiss ion of  a New Drug Appl ication (NDA).  An NDA is submi t ted to the FDA 

for  review and approval a f ter the complet ion of  c l in ical  t r ia ls  that show to the 

sat is fact ion of  the medica l  community that  the drug product is  e ffec t ive by a l l  

parameters and is  reasonably safe as demonstrated by animal  and human s tudies. 

6.  Phase IV  

a.  Af ter  the NDA is submi t ted,  and before approval  to  market  the product  is  obta ined 

f rom the FDA, manufactur ing scale-up  ac t iv i t ies occur .  Scale-up is the increase in 

the batch s ize f rom the cl in ica l  batch, submission batch, or  both to  the fu l l -sca le 

product ion batch s ize,  us ing the f in ished,  marketed product.  

b.  The drug product  may be improved as a resul t  o f  equipment,  regulatory,  supply,  

or  market  demands. 

c .  Addit ional  c l in ica l  s tud ies may be per formed in  spec ial  populat ions, such as the 

e lder ly,  pediat r ic,  and renal - impaired,  to obta in  in formation on the ef f icacy of  the 

drug in  these subjects . 

d.  Addi t ional  c l in ica l  s tud ies may be per formed to  determine i f  the drug can be used 

for  a new or  addi t ional  label ing ind icat ions. 

7.  Phase V  

a.  Af ter  the FDA grants  market approval  o f the drug,  product  development  may 

cont inue. 

b.  The drug formulat ion  may be modi f ied s l ight ly as  a resul t  o f  data obtained 

dur ing the manufactur ing sca le-up and va l idat ion processes. 



c.  Changes  in  drug formulation  should always be wi th in  the sca le-up and post-

approval  change (SUPAC)  gu idel ines. 

D. Product l ine extensions  are dosage forms in which the physica l  form or  

s t rength,  but  not the use or  indicat ion,  o f  the product  changes.  Product l ine 

extens ion is  usual ly performed dur ing phase I I I ,  IV,  or  V. 

1.  Developing a t ransdermal patch when only tab le ts  have been avai lab le , for  

example: 

•  Progesterone 

•  Nicot ine 

•  Estrad io l  

•  Nit roglycerin 

2.  Addit ional  strengths—as long as these s t rengths are wi th in  the to tal  da i ly dose, 

for  example: 

•  Ibuprofen 
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3.  Control led-release or modified-release  dosage forms when only an immediate-

re lease dosage form is  avai lab le.  Th is is  an ongoing projec t  for  al l  brand 

companies; a lmost  every NCE has or wi l l  eventual ly have a modi f ied-re lease dosage 

form of  the immediate-release product .  

E. Biologic products  

1.  A b iologic product  is any v i rus , serum, toxin ,  ant i toxin ,  vacc ine,  b lood, b lood 

component  or derivat ive, a l lergenic  product ,  or  ana logous product  appl icable to the 

prevent ion,  t reatment ,  or cure of  diseases or  in jur ies. 

2.  B io log ic  products  are a subset  o f  drug products ,  dist inguished by the i r  

manufactur ing processes (b io log ic  vs . chemical ).  In  genera l ,  the term drugs  includes 

b iologic products . 

3.  Biologic l icense applicat ion (BLA).  B io log ic  products  are approved for  

market ing under the provis ions of  the Publ ic  Heal th  Service (PHS) Act.  

F.  Generic drug products  

1.  Af ter  patent expiration  o f  the API  and /or brand drug product,  a generic  drug 

product may be marketed.  A gener ic  drug product  is therapeut ica l ly equiva lent  to  

the brand name drug product  and contains the same amount  o f the drug in  the same 

type of dosage form (e.g. ,  tab le t ,  l iqu id ,  in jec table) .  

2.  A gener ic  drug product  must be bioequivalent  ( i .e. ,  have the same rate and 

extent  o f  drug absorpt ion)  to the brand drug product .  Therefore,  a generic  drug 

product is  expected to  g ive the same cl in ica l  response (Chapter  7).  These s tud ies 

are normal ly performed wi th  heal thy human volunteers . 

3.  Some gener ic  products  are not  absorbed; for  some others  bioequiva lence is  not a  

good marker .  Under those condi t ions,  comparat ive cl inical tr ia ls  or  studies wi th  



pharmacodynamic end points  are cons idered to measure the equiva lence of  two 

products .  Inhalat ion products  and nonabsorbed drug products fal l  in to  this  category.  

4.  The gener ic  drug product  may d i f fer  f rom the brand product  in  physical 

appearance  ( i .e. ,  s ize,  co lor,  shape) or  in  the amount and type of exc ip ients  used in  

the formulat ion. 

5.  A gener ic  drug product  may not d i f fer in both the qual i ta t ive and the quant i ta t ive 

composit ions for  l iqu ids, in jectables,  semisol ids ,  t ransdermal  patches, inhalat ion 

products ,  and ophthalmic  products ,  un less adequate safety s tud ies have been 

per formed. 

6.  Before a gener ic  drug product is  marketed,  the manufacturer  must  submi t  an 

Abbreviated New Drug Appl icat ion (ANDA)  to  the FDA for  approval .  Because 

precl in ica l  safety and ef f icacy studies have al ready been per formed for  the NDA-

approved brand product,  human b ioequivalence stud ies,  ins tead of c l in ical  t r ia ls ,  

are genera l ly requi red for  the ANDA. The chemis try,  manufactur ing,  and controls 

requi rements for  the gener ic drug product  are s imi lar  to  those for  the brand name 

drug product .  

G. Special ty drug products  are exis t ing products  developed as a new del ivery 

system or  for  a  new therapeut ic  indicat ion.  The safety and ef f icacy of  the drug 

product were estab l ished in the in i t ia l  NDA-approved dosage form.  For  example,  the 

n i t rog lycer in  t ransdermal de l ivery system (patch)  was developed af ter exper ience 

wi th  n i t rog lycerin  subl ingual  table ts .  

II. PRODUCT DEVELOPMENT. 
For each drug, var ious stud ies are requi red to  deve lop a safe,  ef fec t ive,  and s tab le 

dosage form. 

A. New chemical enti t ies  

1.  Preformulat ion  is  the character izat ion of  the phys ical  and chemical  proper t ies  of  

the act ive drug substance and dosage form.  The therapeut ic  indicat ion of  the drug 

and the route of  administra t ion dicta te the type of drug product  or  drug del ivery 

system (e.g. ,  immediate re lease,  control led release,  suppos i tory,  parentera l ,  

t ransdermal)  that needs to  be developed. 

a.  Preformulat ion act iv i t ies  are usual ly performed during the precl in ica l  s tage. 

However,  these act iv i t ies  may cont inue in to phases I  and I I .  

b.  The fo l lowing in formation is obta ined dur ing preformulat ion. 
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(1)  Physical ,  inc luding par t ic le  s ize and shape,  crys ta l l in i ty,  po lymorphism, dens i ty,  

sur face area, hygroscopic i ty (ab i l i ty  to  take up and reta in mois ture) ,  and powder 

f low 

(2)  Solubi l i ty,  inc luding in t r ins ic  disso lut ion, pH so lubi l i ty  prof i le ,  and general  

so lubi l i ty  character is t ics in  various so lvents 

(3)  Chemical ,  inc lud ing sur face energy, pH s tab i l i ty  prof i le ,  pKa,  temperature 

s tab i l i ty  (dry or  under var ious humidi ty condi t ions) ,  and exc ipient  in teract ions 



(4)  Analyt ical  methods development,  including development  o f  a  stabi l i ty  indicat ing 

method (measures both the API and the re lated substances) ,  and cleaning methods 

2.  Formulat ion development  is  a  cont inu ing process. Ini t ia l  drug formulat ions are 

developed for  ear ly c l in ica l  s tudies.  When the submiss ion of  an NDA is  considered,  

the manufacturer a t tempts  to  develop the f ina l  (marketed)  dosage form.  The dose of  

the drug and the route of administ ra t ion are important  in determining the 

modi f icat ions needed. 

a.  Injectable  

(1)  A f ina l  in jectable drug product  is usual ly developed in  the prec l in ical  phase. 

(2)  Major  concerns inc lude the s tab i l i ty  of  the drug in  so lu t ion and the s ter i l i ty  o f the 

product.  

(3)  Because few exc ip ients  are a l lowed in  in jec tab le products ,  the formulator  must  

choose a f ina l  product  ear ly in  the development process. 

(4)  I f  the formulat ion is  changed, b ioavai lab i l i ty  s tud ies are not requi red for  

in t ravenous solut ion in jec t ions because the product  is in jec ted di rec t ly into  the 

body. 

(5)  Formulat ion changes may requi re  acute toxic i ty s tud ies. 

b.  Topical  ( for local  appl icat ion).  Includes ant ibacter ia ls ,  ant i fungals,  

cor t icosteroids ,  and local  anesthet ics . 

(1)  The f inal  dosage form for  a  topica l  drug product  is usual ly developed dur ing 

phase I  studies because any major formulat ion changes may requi re  fur ther  c l in ica l  

t r ia ls .  

(2)  The re lease of  the drug f rom the matr ix is  measured in  v i t ro  wi th var ious 

d i f fusion ce l l  models. 

(3)  S ign i f icant  problems encountered wi th  loca l ly ac t ing top ica l  drug products 

include loca l  i r r i ta t ion,  sk in senis t izat ion and systemic  drug absorpt ion. 

c .  Topical  (for systemic drug absorption).  Includes drug del ivery through the sk in  

( t ransdermal) ,  mucous membranes ( int ranasal ) ,  and recta l  mucosa. 

(1)  A prototype formulat ion is  developed for  phase I .  

(2)  A f ina l  topica l  drug product  is developed during phase I I I  a f ter  the avai lab le  

technology and des i red systemic  leve ls  are considered. 

d.  Oral  

(1)  Prototype dosage forms are of ten developed dur ing the precl inical phase  to  

ensure that  the drug is  opt imal ly avai lab le and that  the product disso lves in  the 

gast ro in test inal  t ract .  

(2)  In the ear ly s tages of product  development,  hard gelat in capsule  dosage forms 

are of ten developed for phase I  c l in ica l  t r ia ls.  I f  the drug shows eff icacy,  the same 

drug formulat ion may be used in  phase I I  s tud ies. 

(3)  Final  product development  begins when the drug proceeds during phase I I  and 

before in i t iat ing phase I I I  c l in ica l  s tud ies. 

3.  Marketed Product.  Considerat ions in  the development  o f  a  f inal  dosage form 

include the fo l lowing: 

a.  Color ,  shape,  s ize, tas te, v iscos i ty,  sensi t iv i ty,  sk in fee l ,  and phys ical  

appearance of the dosage form 

b.  S ize and shape of  the package or  container 



c.  Product ion equipment 

d.  Product ion s i te 

e.  Country of  or igin  in  which the drug is  to  be manufactured 

f .  Country in  which the drug wi l l  be marketed 

B. Product l ine extensions  are general ly def ined as drug products  contain ing an 

NDA-approved drug in a  d i f ferent  dosage s trength or  in  a  di f ferent  dosage form 

(e.g.,  modi f ied re lease,  ora l  l iquid) .  

1.  Oral  product l ine extensions  

a.  The s implest  dosage form to develop is a  di f ferent  dosage s t rength of  a  drug in  a 

tab le t  or  capsule. Only bioequivalence s tudies are needed. 
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b.  A modified-release  dosage form is  more di f f icu l t  to  develop when only an 

immediate-release dosage form exis ts.  Cl in ical  t r ia ls  are normal ly requi red. 

c .  Considerat ions in  develop ing these dosage forms are s imi lar to those for  the f inal  

drug product  (see I I .A.3).  

d.  Marketing  has a role  in  the choice of  the dosage form. 

e.  Because the original  brand drug product  in formation contr ibutes to the body of  

knowledge about  the drug,  no preformulat ion is  needed.  Al l  o ther  factors  cons idered 

for  the or igina l  product  are s imi lar .  I f  the re lat ion between in  vi tro  d issolut ion and 

in  vivo  b ioavai labi l i ty  is  known,  the innovator  can progress to a  f in ished dosage 

form re la t ively quick ly.  

f .  Regulatory approval  is  based on the fo l lowing:  

(1)  Analyt ical  and manufactur ing controls 

(2)  Stab i l i ty  in format ion 

(3)  B ioavai lab i l i ty  and b ioequiva lence s tud ies 

(4)  Cl in ical  t r ia ls  ( in  the case of  modi f ied-re lease dosage forms) 

g.  A new therapeut ic  indicat ion for a  drug requi res new eff icacy studies  and a new 

NDA.  

2.  Liquid product l ine extensions  

a.  I f  the current  marketed product  is a  l iqu id preparat ion, then the same factors  as 

for  the sol id oral  dosage forms are considered (see I I .B.1.a,  b ,  c ,  d ,  e ,  f  and g).  

b.  I f  the marketed product  is  a  so l id  oral  dosage form and the product  l ine extension 

is  a  l iquid , product  development must proceed wi th  caut ion because the rate and 

extent  o f  absorpt ion for  l iquid  and sol id  dosage forms may not  be the same. 

c .  Regulatory approval  requi res 

(1)  Analyt ical  and manufactur ing controls 

(2)  Stab i l i ty  in format ion 

(3)  B ioavai lab i l i ty  and b ioequiva lence s tud ies 

(4)  Safety s tudies (e .g.,  depending on the drug substance, local  i r r i ta t ion)  

(5)  Cl in ical  t r ia ls ,  i f  the ra te and extent  of  drug absorpt ion are drast ica l ly a l tered 

f rom the orig inal  dosage form 

C. Combination products  are made up of two or more regulated components  (e.g. ,  

drug/device, b io log ic /device,  drug/b iolog ic ,  or  drug/device/b io log ic)  that are 



phys ical ly,  chemical ly,  or  o therwise combined or mixed and produced as a s ingle  

ent i ty.  

1.  These may be two or  more separate products  packaged together  in  a  s ingle  

package or  as  a un i t  and may be composed of drug and device products , device and 

b iologic products ,  or  bio log ic  and drug products . 

2.  An example  is  an inhalat ion steroid  (e .g. ,  beclomethasone inhalat ion aerosol )  in  

which the device component is  important  for  de l ivery of  the s tero id. 

III. PREAPPROVAL INSPECTIONS (PAIs) 
A.  The manufactur ing fac i l i ty  is  inspected by the FDA af ter  an NDA, abbrevia ted 

ant ib io t ic  drug appl icat ion (AADA),  or  ANDA is submit ted and before the appl icat ion 

is  approved. 

B.  A PAI  may also be in i t ia ted i f  a  major  change is  repor ted in  a  supplementa l  

appl icat ion to  an NDA, AADA, or  ANDA. 

C.  Dur ing the PAI ,  the FDA invest igator :  

1.  Performs  a  genera l  current  good manufactur ing pract ice (cGMP) inspect ion 

re lat ing spec i f ica l ly to  the drug product in tended for  the market 

2.  Reviews  the development  repor t  to  ver i fy that the drug product has enough 

support ing documentat ion to  ensure a val idated product  and a ra t ionale for  the 

manufactur ing di rec t ions 

3.  Consults  the chemis try,  manufactur ing,  and control  (CMC) sect ion of  the NDA, 

AADA, or  ANDA and determines the capabi l i ty  o f the manufacturer  to produce the 

drug product  as  described 
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4.  Verif ies  the t raceabi l i ty  o f  the in format ion submi tted in the CMC sect ion to  the 

or iginal  laboratory notebooks,  e lec t ronic  in formation, and batch records 

5.  Verif ies and ensures  that al l  the qual i ty systems are in p lace to  manufacture the 

product so i t  re ta ins  the ident i ty,  s t rength, qual i ty,  and pur i ty o f  the drug product  

that  were approved by the center .  

6.  Recommends  approval  for  the manufacture of the drug product based on the 

s ta tus of  the inspect ion 

IV. SCALE-UP AND POSTAPPROVAL CHANGES 

(SUPACs) 
A. Purpose.  These guide l ines are in tended to  reduce the number of  manufactur ing 

changes that requi re  pre-approval  by the FDA. The guide l ines are publ ished by the 

FDA on the Internet  (h t tp: / /www.fda.gov/cder /gu idance/ index.htm). 

B. Function.  These guide l ines provide recommendat ions to  sponsors  of  NDAs,  

AADAs,  and ANDAs during the postapproval  per iod when 

1.  Mak ing sl ight  changes in  the amount  of  the excipient  to  aid  in  the process ing of  

the product  dur ing sca le-up 

2.  Changing the site  o f  manufacture 



3.  Scal ing up  ( increas ing)  or  scal ing down  (decreasing)  the batch s ize of  the 

formulat ion 

4.  Changing the manufactur ing process  or  equipment  

C.  The FDA must  be not i f ied about a  proposed change to a drug product  through 

d i f ferent  regulatory documentat ion,  depending on the type of  change proposed. 

1.  Annual  report .  Changes that are unl ikely to  have any detectab le e ffec t  on 

formulat ion qual i ty and per formance can be ins t i tu ted wi thout  approval  by the FDA 

and repor ted annual ly.  Examples of  these changes include: 

a.  Compliance  wi th  an of f ic ial  compendium 

b.  Label description  o f  the drug product  or  how i t  is  suppl ied (not  invo lv ing dosage 

s t rength or dosage form) 

c .  Delet ion of an ingredient  that  a f fects  on ly the co lor  of  the product 

d.  Extens ion of  the expirat ion date  based on fu l l  shel f - l i fe  data obta ined from a 

protocol  approved in  the appl icat ion 

e.  Container  and closure system  for  the drug product  (except  a change in  

conta iner  s ize for nonsol id  dosage forms) based on equiva lency to  the approved 

system under a protocol  approved in  the appl icat ion or publ ished in an of f ic ial  

compendium 

f .  Addi t ion or  de let ion of an alternate analyt ical  method  

2.  Changes being effected (CBE) supplement.  Changes that  probably would not  

have any detectable ef fec t  but  requi re some va l idat ion ef forts  requi re  spec i f ic  

documentat ion, depending on the change.  A supplement  is  submi t ted,  and the 

change can be implemented wi thout  previous approval  (CBE-0)  by the FDA or ,  in  

some cases,  the FDA has 30 days to  review the change (CBE-30).  FDA may re jec t 

th is  supplement .  Examples of  reasons for  submit t ing a supplement  inc lude 

a.  Addit ion  o f  a  new specif icat ion  or  tes t method or changes in  methods,  faci l i t ies , 

or  contro ls 

b.  Label change  to add or  st rengthen a contra ind icat ion, warn ing,  precaut ion,  or  

adverse react ion 

c .  Use of  a different faci l i ty to  manufacture the drug substance and drug product  

( the manufactur ing process in  the new faci l i ty  does not  d i f fer  materia l ly  f rom that in 

the former faci l i ty ,  and the new fac i l i ty  has received a sat isfac tory cGMP inspect ion 

wi th in  the previous 2 years  cover ing that  manufactur ing process) 

3.  Pre-approval supplement.  Changes that could have a s ign i f icant  e ffec t  on 

formulat ion qual i ty and per formance requi re  spec i f ic  documentat ion.  Th is  

supplement  must  be approved before the proposed change is  in i t ia ted. Appropr iate  

examples for  pre-approval  supplement  are: 

a.  Addi t ion or  delet ion of an ingredient  

b.  Relaxat ion of  the l imits  for  a  specif icat ion  
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c .  Estab l ishment  o f  a  new regulatory analyt ical  method  

d.  Delet ion of  a  specif icat ion  or  regulatory analyt ica l  method 



e.  Change in  the method of  manufacture  of  the drug product,  includ ing changing or  

re laxing an in-process control  

f .  Extens ion of  the expirat ion date  o f  the drug product  based on data obta ined 

under a  new or  revised stab i l i ty  test ing protocol  that  was been approved in  the 

appl icat ion 

D.  W hen any change to  a drug product is  proposed,  the manufacturer  must  show 

that  the resul tant  drug product  is  bioequivalent  and therapeutical ly equivalent  to  

the or igina l  approved drug product (see  Chapter 7) .  

1.  A minor change  is  a  change that  has minimal potent ia l  to have an adverse effect  

on the ident i ty,  st rength, qual i ty,  puri ty,  or  potency of  the product  as  they may 

re late to  the safety or e f fec t iveness of the product .  I f  the proposed change is  

cons idered minor  by the FDA, bioequivalence may be demonstrated by comparat ive 

d issolut ion prof i les  for  the or ig ina l  and new formulat ions. 

2.  A major change  is  one that  has substant ia l  potent ia l  to have an adverse ef fect  

on the ident i ty,  st rength, qual i ty,  puri ty,  or  potency of  a  product as they may rela te 

to  the safety or  e f fec t iveness of  the product .  I f  the proposed change is cons idered 

major  by the FDA, b ioequiva lence must  be demonstrated by an in  v ivo 

b ioequiva lence s tudy comparing the or iginal  and new formulat ions. 

V. GOOD MANUFACTURING PRACTICES (GMPs) 
are regulat ions developed by the FDA. GMPs are minimum requi rements  that  the 

industry must  meet  when manufactur ing, processing,  packing,  or  hold ing human and 

veter inary drugs.  These regulat ions,  a lso known as cGMPs,  es tab l ish cr i ter ia for  

personnel,  fac i l i t ies ,  and manufactur ing processes to ensure that the f in ished drug 

product has the correct  ident i ty,  s t rength,  qual i ty,  and pur i ty character ist ics . 

A.  Good Manufactur ing Pract ices are descr ibed in  the Code of  Federa l  Regulat ions 

(CFR),  t i t le 21,  sect ions 210 and 211. 

B. Qual i ty control  (QC)  is  the group wi thin  the manufacturer that  is  respons ib le  for 

es tab l ish ing process and product  spec i f icat ions. 

1.  Specifications  are the cr i ter ia  to  which a drug product  should conform to be 

cons idered having acceptable qual i ty for  i ts  intended use. 

2.  The QC uni t  tests  the product  and veri f ies that  the spec i f icat ions are met .  QC 

test ing includes the acceptance  or  rejection  o f  the incoming raw materia ls,  

packaging components , drug products,  water  system, and envi ronmenta l  condi t ions 

(e .g.,  heat ing,  vent i la t ion,  ai r -condi t ioning,  ai r  qual i ty,  microbial  load) that  exis t  

dur ing the manufactur ing process. 

C. Qual i ty assurance (QA)  is  the group wi thin  the manufacturer  that  determines 

that  the systems and faci l i t ies  are adequate and that  the wr i t ten procedures are 

fo l lowed to ensure that  the f in ished drug product meets the appl icable spec i f icat ions 

for  qual i ty.  
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STUDY QUESTIONS 



Direct ions:  Each s tatement  in  th is  sect ion can be correct ly completed by one or 

more  o f  the suggested phrases.  Choose the correct  answer,  A-E: 

1.  Healthy human volunteers are used in drug development for 

I .  phase I  test ing after the submission of  an investigat ional  new drug ( IND) 

appl icat ion. 

I I .  generic drug development for an abbreviated new drug appl icat ion (ANDA) 

submission. 

I I I .  phase I I I  test ing just  before the submission of  a new drug applicat ion 

(NDA).  

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer1.  The answer is  C[see] .2.  The required information 

contained in a new drug appl icat ion (NDA) that  is  not  included in the 

abbreviated new drug appl icat ion (ANDA) consists of 

I .  precl inical  animal  toxici ty studies. 

I I .  cl inical eff icacy studies. 

I I I .  human safety and tolerance studies. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer2.  The answer is  E[see] .3. A product l ine extension contains 

the new drug appl icat ion (NDA) approved drug in a new 

I .  dosage form. 

I I .  dosage strength. 

I I I .  therapeutic indicat ion. 

A  i f  I  only is  correct 

B  i f  I I I  on ly is  correct 

C  i f  I  and I I  are correct 

D  i f  I I  and I I I  are correct 

E  i f  I ,  I I ,  and I I I  are correct 

View Answer3.  The answer is  C[see] .Directions:  Each s tatement  in  th is 

sect ion can be correct ly completed by one  o f  the suggested phrases.  Choose the 

best  answer.  

4.  The regulat ions developed by the U.S.  Food and Drug Administrat ion (FDA) 

for the pharmaceutical industry for meeting the minimum requirements in the 

manufacturing, processing, packing,  or holding of  human and veterinary drugs 

are known as 

(A)  good manufactur ing pract ices (GMPs).  

(B)  qual i ty assurance (QA).  

(C)  qual i ty control  (QC). 



(D)  pre-approval inspect ion (PAI) .  

(E)  sca le-up and post-approval  changes (SUPACs). 

View Answer4.  The answer is  A[see] .5.  The unit  within the 

pharmaceutical  manufacturer that  ensures that  the finished dosage form has 

met al l  the specif icat ions for i ts  intended use is  the 

(A)  analyt ical  methods uni t .  

(B)  market ing and sales un i t .  

(C)  pre-approval inspect ion (PAI)  un i t .  

(D)  qual i ty assurance (QA) uni t .  

(E)  qual i ty contro l  (QC) un i t .  

V iew Answer5.  The answer is  E[see] .6. Manufacturers may make a change 

in the formulation after market approval .  I f  the change in the formulation is  

considered a minor change,  the manufacturer needs to report the change to the 

FDA only in the 

(A)  annual  report .  

(B)  pre-approval supplement .  

(C)  invest igat ional  new drug ( IND) submission. 

(D)  changes being effec ted supplement ,  30 days (CBE-30).  

(E)  no repor t  is  requi red for  a minor change. 

View Answer6.  The answer is  A[see] .P.9 

 

 

ANSWERS AND EXPLANATIONS 
1.  The answer is  C  ( I ,  I I )  [see  I .C.2.b;  I .F.2 ] .  

Phase I  tes t ing is the f i rs t  set o f  human studies per formed dur ing new drug 

development.  Phase I  s tud ies establ ish the tolerance and toxic i ty of  the drug in  

humans.  Bioequiva lence s tud ies for  gener ic  drug development are most  o ften 

per formed in  heal thy human vo lunteers.  These stud ies estab l ish the bioequivalence 

of  the gener ic  drug product  against  the brand drug product.  Phase I I I  test ing enta i ls 

large-scale, mul t icenter  c l in ical  studies per formed in pat ients  wi th  the d isease or 

condi t ion to be t reated.  Phase I I I  s tud ies determine the safety and ef f icacy of  the 

drug in  a  large pat ient populat ion. 

2.  The answer is  E  ( I ,  I I ,  and I I I )  [see  I .C.5;  I .F.6 ] .  

The development  of  a  new drug requi res extens ive toxic i ty and ef f icacy tes t ing in  

an imals  and humans.  The NDA documents  al l  s tud ies per formed on the drug.  The 

ANDA is  used for  gener ic  drug product  submissions.  The gener ic  drug product  is  

s imi lar  to  the or ig ina l  brand drug product  that  has al ready been marketed.  Because 

the ef f icacy,  safety,  and toxic i ty o f this  drug product  have been s tud ied and 

documented,  fur ther s tud ies of  this nature are unnecessary. 

3.  The answer is  C  ( I ,  I I )  [see  I .D ] .  

Product  l ine extens ions are developed af ter  fur ther  studies wi th  the or ig ina l  NDA-

approved drug product .  From these studies,  the manufacturer  may develop a new 

dosage form (e.g. ,  contro l led-re lease product) or a  new dosage s t rength. A new 

therapeut ic  indicat ion requi res an NDA. 



4.  The answer is  A  [see  V ] .  

Qual i ty control  and qual i ty assurance fo l low GMP regulat ions to  ensure that  the 

f in ished product  meets  al l  appl icable speci f icat ions for  qual i ty.  The FDA may 

inspect  a  manufactur ing s i te  (PAI) before the drug appl icat ion is  approved.  In 

addi t ion,  the FDA must  be not i f ied about any proposed changes to  an approved drug 

product.  

5.  The answer is  E  [see  V.B ] .  

The QC unit  per forms the appropr iate  tes ts on the dosage form.  PAI is  per formed by 

FDA compl iance inspectors , who examine the pharmaceut ical  manufacturer  and 

review the procedures and records for manufactur ing the f in ished dosage form 

before the administ ra t ion grants market  approval .  The analyt ical  development  un i t  

develops the analyt ica l  methods used in  test ing the drug product .  

6.  The answer is  A  [see  IV.C.1 ] .  

A l l  changes in  the formulat ion must  be reported to  the FDA. A minor  change is  a  

change that  has minimal potent ia l  to have an adverse effect  on the ident i ty,  

s t rength,  qual i ty,  puri ty,  or  potency of the product  as they may re la te to  the 

product 's  safety or  e f fec t iveness.  Changes that  are unl ikely to  have any detectab le 

ef fec t  on formulat ion qual i ty and per formance can be ins t i tu ted wi thout  approval  by 

the FDA and need only to  be repor ted in  the annual  repor t .  

 

2 
Pharmaceutical Calculations and 
Statistics 
Riccardo L. Boni 

I. FUNDAMENTALS OF MEASUREMENT AND 

CALCULATION. 
The pharmacis t  is  o ften requi red to  perform or evaluate a var ie ty of  

ca lcula t ions in  h is  or her pract ice.  Many of  these ca lcula t ions invo lve the 

use of  d i rect  or  inverse propor t ions.  Dimensional  (or unit )  analysis  and 

approximation  can be usefu l  in  solv ing these problems.  In  dimens ional  

analys is ,  d imens ions (or un i ts )  are inc luded wi th  each number used in  the 

ca lcula t ion.  Uni ts  common to  the numerator  and denominator  may be 

canceled and the remaining uni ts provide the uni ts  for  the f inal  answer.  In 

approximat ion,  each number used in the ca lculat ion is  rounded to  a s ing le  

s ign i f icant d ig i t .  Factors common to  the numerator  and denominator  may be 

canceled and the answer to  th is  approximat ion should be reasonably c lose 

to  the f inal  exact  answer.  

A. Ratio and proport ion  

1.  Ratio.  The re la t ive magni tude of  two l ike quant i t ies  is  a ra t io ,  which is  

expressed as a f rac t ion.  Certa in  basic pr inciples  apply to  the ra t io ,  as they 

do to  al l  f rac t ions. 

a.  When the two terms of  a  ra t io  are mult ip l ied or d iv ided by the same 

number, the va lue of  the ra t io  is  unchanged. 



 

b.  Two rat ios  wi th  the same value are equivalent .  Equivalent  ra t ios  have 

equal  c ross products  and equal  rec iprocals .  For  example: 

 

and 

1 × 6 = 3 × 2 = 6 

I f  two rat ios  are equal ,  then thei r  reciprocals are equal :  

 

2.  Proport ion.  The express ion of  the equal i ty o f  two rat ios  is  a  propor t ion.  

The product  of  the ext remes is  equal  to  the product  o f  the means for  any 

propor t ion. Furthermore, the numerator o f  the one f rac t ion equals  the 

product o f i ts  denominator  and the other  f ract ion ( i .e . ,  one missing term can 

a lways be found g iven the other  three terms). Most  pharmaceut ical  

ca lcula t ions can be per formed by use of proport ion. 

a.  Proper rat ios.  Some pharmacis ts  use proper  ra t ios  ( in  which s imi lar  

un i ts  are used in  the numerator  and denominator  o f  each rat io)  in  the ir  

propor t ion calcu lat ions.  Severa l  examples fo l low.  

(1)  I f  240 mL of  a cough syrup contains  480 mg of  dext romethorphan 

hydrobromide,  then what mass of  drug is  contained in  a ch i ld 's  dose, 1  

teaspoonfu l  (5  mL) of  syrup? 
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(2)  I f  a  chi ld 's  dose (5 mL) of a  cough syrup conta ins  10 mg of  

dext romethorphan hydrobromide,  what  mass of  drug is  contained in  240 

mL? 

 
(3)  I f  the amount  o f  dext romethorphan hydrobromide in  240 mL of  cough 

syrup is  480 mg,  what  would be the vo lume required for  a ch i ld 's  dose of  10 

mg? 



 

(4)  How many mi l l ig rams of  dext romethorphan base (molecular  weight  = 

271.4)  are equiva lent  to  10 mg of  dext romethorphan hydrobromide 

(molecular  weight  = 352.3)? 

 
b.  Mixed rat ios.  Some pharmacists  use mixed rat ios  ( in  which diss imi lar  

un i ts  are used in  the numerator  and denominator  o f  each rat io)  in  the ir  

propor t ion calcu lat ions.  Such computat ions genera l ly g ive correct answers,  

providing the condi t ions in  which mixed rat ios  cannot be used are known.  A 

la ter  example shows mixed rat ios  leading to  fa i lure  in  the case of  di lu t ion,  

when inverse propor t ions are requi red.  For  inverse proport ions,  s imi lar 

un i ts  must  be used in  the numerator  and denominator o f each rat io .  

Fo l lowing is  an example of  a  mixed rat io  ca lcula t ion us ing the previous 

problem. 

 
The same answer  is  obta ined in  th is  example whether we use proper ra t ios ,  

wi th  s imi lar  uni ts in numerator  and denominator ,  or  mixed rat ios.  Th is  is  not  

the case when deal ing wi th  inverse propor t ions. 

3.  Inverse proport ion.  The most  common example of  the need for  inverse 

propor t ion for  the pharmacis t  is  the case of  dilution.  W hereas in  the 

previous examples of  propor t ion the re lat ionships invo lved d i rect  

propor t ion, the case of  di lu t ion ca l ls  for  an inverse proport ion ( i .e . ,  as  

vo lume increases,  concentrat ion decreases) .  The necessi ty o f  using inverse 

propor t ions for  di lut ion problems is  shown in  th is  example. 

I f  120  mL of a 10% stock solut ion is di luted to 240  mL,  what is  the final  

concentration?  Using inverse propor t ion, 

 

As expected, the f inal  concentrat ion is  one hal f  the or ig ina l  concentrat ion 

because the volume is doubled.  However,  i f  the pharmacis t  a t tempts to  use 

d i rec t  propor t ion and neglects  to est imate an appropria te  answer,  the 



resul t ing calcu la t ion would provide an answer of 20%, which is  twice the 

actua l  concentrat ion. 
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L ikewise, the pharmacist using mixed rat ios fai ls  in  th is  case. 

 

and 

 
B. Al iquot.  A pharmacist requi res  the a l iquot  method of  measurement  when 

the sensit ivi ty ( the smal lest  quant i ty that can be measured wi th the 

requi red accuracy and prec is ion)  o f  the measur ing device is  not  great 

enough for  the requi red measurement.  Al iquot  calcula t ions can be used for  

measurement o f  sol ids  or  l iqu ids,  al lowing the pharmacis t to  real ize the 

requi red precis ion through a process of measur ing a mul t ip le  of  the desi red 

amount fol lowed by d i lu t ion and f ina l ly select ion and measurement  of  an 

a l iquot  par t  that conta ins the des i red amount  o f materia l .  Th is example 

problem involves weighing by the a l iquot  method,  using a prescr ipt ion 

ba lance. 

A prescrip t ion ba lance has a sens i t iv i ty requirement  o f  6 mg.  How would 

you weigh 10 mg of  drug wi th  an accuracy of  ± 5%, us ing a su i table  d i luent? 

1.  Fi rs t ,  ca lcula te the least  weighable quant i ty for  the ba lance wi th  a 

sens i t iv i ty requi rement  of  6  mg, assuming ± 5% accuracy is requi red. 

2.  Now i t  is  obvious that  an al iquot  ca lcula t ion is  requi red because 10 mg of  

drug is requi red, whereas the least  weighable quant i ty is 120 mg to  achieve 

the requi red percentage of  error .  Us ing the least  weighable quant i ty method 

of  al iquot measurement ,  use the smal les t quant i ty weighable on the balance 

at  each step to  preserve mater ials.  

a.  Weigh 12 × 10 mg = 120 mg of  drug. 

b.  Di lu te the 120 mg of  drug ( from step a )  wi th  a  su i table  d i luent  by 

geometr ica l  d i lu t ion to achieve a mixture that  wi l l  provide 10 mg of  drug in  

each 120-mg a l iquot .  The amount  o f  di luent  to be used can be determined 

through proportion.  



 

c .  Weigh 120 mg (1/12)  o f  the to tal  mixture,  which wi l l  conta in  the requi red 

10 mg of  drug. 

II. SYSTEMS OF MEASURE. 
The pharmacis t  must be fami l iar  wi th  three systems  of  measure:  the metric 

system  and two common systems of  measure ( the avoirdupois  and 

apothecaries'  systems). The pr imary system of  measure in  pharmacy and 

medicine is  the metr ic  system. Most  s tudents f ind i t  easiest  to  conver t  

measurements  in  the common systems to  metr ic  un i ts .  A tab le  of convers ion 

equiva lents is  provided and should be memor ized by the pharmacist  (see 

Appendix A) .  The metr ic system, because of i ts  un iversa l  acceptance and 

broad use, wi l l  not  be reviewed here. 

A. Apothecaries' system of f luid measure.  The apothecaries '  sys tem of 

f lu id  measure is  summarized in  Appendix A.  

B. Apothecaries' system for measuring weight.  The apothecar ies '  sys tem 

for  measuring weight includes uni ts o f  grains ,  scruples, drams,  ounces,  and 

pounds (see Appendix A) .  

C. Avoirdupois system of measuring weight.  The avoi rdupois (AV) 

system of  measuring weight  inc ludes the gra in ,  ounce,  and pound.  The 

gra in  is  a uni t  common wi th  the apothecar ies '  system and al lows for  easy 

convers ion between the systems.  The avoi rdupois  pound,  however,   
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is  16 AV ounces in  contrast  to  the apothecar ies '  pound,  which is  12 

apothecaries '  ounces (see Appendix A) .  

D. Conversion equivalents.  See Appendix A.  

III. REDUCING AND ENLARGING FORMULAS. 
The pharmacis t  is  o ften requi red to  reduce or enlarge a recipe.  Problems of  

th is  type are so lved through proport ion,  or by mul t ip l icat ion or d iv is ion by 

the appropria te  fac tor  to  obtain  the requi red amount  o f  each ingredient that  

wi l l  g ive the des i red to tal  mass or  vo lume of the formula. Formulas can be 

provided in  amounts  or  in  parts.  

A. Formulas that  indicate parts.  When deal ing wi th  formulas that  spec i fy 

par ts ,  par ts  by weight  wi l l  requi re  the determinat ion of  weights  of  

ingredients ,  whereas parts  by volume warrant  the calcu lat ion of  vo lumes of  

ingredients .  Always f ind the to tal  number of  par ts indicated in  the formula, 

and equate that  to tal  wi th  the tota l  mass or  vo lume of  the des i red formula in 

order to  set  up a propor t ion. Such a propor t ion wi l l  a l low ca lcula t ion of  the 



mass or  vo lume of  each ingredient in uni ts  common to  the to tal  mass or  

vo lume. 

What quanti t ies should be used to prepare 100  g  of camphorated 

parachlorophenol?  

Rx parachlorophenol 7 parts 

 camphor 13 parts 

 7 parts + 13 parts = 20 parts total 
 

 

B. Formulas that  indicate quanti ties.  The previous prescr ipt ion for  co ld  

cream provides a 100 g quant i ty.  

What mass of each ingredient is required to provide 1 pound (AV) of  

cream?  

Rx white wax 12.5 g 

 mineral oil 60.0 g 

 lanolin 2.5 g 

 sodium borate 1.0 g 

 rose water 24.0 g 
 

1 lb = 454 g 



12.5 g × 4.54 = 56.8 g of white wax 

60.0 g × 4.54 = 272 g of mineral oil 

2.5 g × 4.54 = 11.4 g of lanolin 

1.0 g × 4.54 = 4.54 of sodium borate 

24.0 g × 4.54 = 109 g of rose water 
 

IV. CALCULATING DOSES. 
Calcu lat ion of  doses genera l ly can be per formed wi th  d imens ional  analys is .  

Problems  encountered in  the pharmacy inc lude ca lcula t ion of  the number of  

doses,  quant i t ies  in  a  dose or  to tal  mass/volume, amount  o f ac t ive or  

inact ive ingredients ,  and s ize of  dose.  Calcula t ion of  children's doses  is  

commonly per formed by the pharmacis t .  Dosage is  opt imal ly ca lcula ted by 

us ing the ch i ld 's  body weight  or mass and the appropria te  dose in  

mi l l ig rams per k i logram (mg/kg).  W ithout  these data,  the fol lowing formulas 

based on an adul t  dose can be used. 

A. Fried's rule for infants  
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B. Clark 's rule  

 

C. Chi ld's  dosage based on body surface area (BSA )  



D. Young's rule for chi ldren ≥ 2 years old  

 
E. Constant rate intravenous infusions.  Some drugs are adminis tered 

in t ravenously a t  a  constant  (zero-order) ra te  by us ing a cont inuous-dr ip 

in fus ion set  or a  constant- ra te infus ion pump.  The f low rate (volume per  

un i t  t ime) requi red can be ca lcu la ted f rom the vo lume to  be admin is tered 

and the durat ion of  the in fus ion.  The rate of drug administ ra t ion can be 

ca lcula ted f rom the concentrat ion of  drug in  the in fused solut ion and the 

f low rate of  the infus ion set  or  pump.  Convers ion factors  may be requi red to  

obtain  the f ina l  answer in  the correct  uni ts (drops per  minute or  mi l l i l i ters 

per  hour).  

A vancomycin solu t ion containing 1000 mg of  vancomycin hydrochlor ide 

d i lu ted to 250 mL wi th  D5W  is  to  be in fused at  a  constant  ra te wi th  a 

cont inuous-dr ip int ravenous infus ion set  that  de l ivers  25 drops/mL.  What 

f low rate (drops/min) should be used to infuse al l  250  mL of the 

vancomycin hydrochloride solution in 2 hr?  

 

V. PERCENTAGE, RATIO STRENGTH, AND OTHER 

CONCENTRATION EXPRESSIONS 
A. Percentage weight in volume (w/v)  

1.  Defini t ion.  Percentage,  ind icat ing par ts  per  hundred,  is an important  

means of  expressing concentrat ion in pharmacy pract ice.  Percentage w/v 

indicates the number of  grams of  a const i tuent  per  100 mL of  solu t ion or  

l iqu id formulat ion.  The pharmacist  may be requi red to  per form three types  

o f  ca lcula t ions:  determine the weight  of  ac t ive ingredient  in  a  cer tain  

vo lume when g iven the percentage s t rength, determine the percentage w/v  

when the weight  o f  substance and volume of  l iqu id  formulat ion are known, 

and determine the volume  of  l iquid  mixture when the percentage s trength 

and amount  of  substance are known. 

2.  Tolu balsam syrup.  To lu  balsam t inc ture conta ins  20% w/v to lu  ba lsam. 

What is  the percentage concentrat ion of  tolu balsam in the syrup?  



tolu balsam tincture 50 mL 

magnesium carbonate 10 g 

sucrose 820 g 

purified water, qs ad 1000 mL 
 

a.  Fi rs t ,  determine what the amount  o f tolu  ba lsam is  in  the 50 mL quant i ty 

o f  t incture used for the syrup.  Then,  by propor t ion,  ca lcula te the 

concentrat ion of  tolu  balsam in  the syrup. 

In  answer ing th is  one quest ion,  the f i rst  two types of prob lems l is ted above 

have been so lved,  whi le exhib i t ing two methods of  solv ing percentage 

problems—namely,  by dimensional  analysis  and proport ion.  

b.  For an example of  the third type  o f  percentage w/v problem, determine 

what  vo lume of  syrup could be prepared i f  we had only 8  g of magnesium 

carbonate. Use proport ion to  f ind the to ta l  volume of  syrup that  can be 

made us ing only 8  g of  magnes ium  
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carbonate. I f  we have 8 g of  magnesium carbonate in  1000 mL of so lut ion,  

then,  according to  the rec ipe,  800 mL of so lut ion can be prepared using a l l  

8  g  of  the drug. 

 

B. Percentage volume in volume (v/v) .  Percentage v/v indicates the 

number of  mi l l i l i ters  of  a const i tuent in 100 mL of l iqu id  formulat ion.  The 

percentage st rength of mixtures of  l iqu ids in l iqu ids  is  indicated by percent  

v/v,  which ind icates the par ts  by vo lume of  a substance in  100 par ts  of  the 

l iqu id preparat ion. The three types  o f  prob lems that  are encountered 

invo lve calcu lat ing percentage strength,  ca lcula t ing volume of  ingredient,  



and calcu lat ing volume of  the l iquid preparat ion.  Using the same to lu 

ba lsam syrup formula f rom ear l ier ,  we ' l l  now work  a  percent v/v problem. 

What is  the percentage strength v/v of  the tolu balsam t incture in the 

syrup preparat ion?  By propor t ion, we can so lve the problem in  one step. 

 

C. Percentage weight in weight (w/w).  Percentage w/w ind icates the 

number of  grams of  a  const i tuent  per 100 g of  formulat ion (sol id  or l iquid).  

Solut ion of prob lems invo lv ing percentage w/w is  s t ra ight forward when the 

to tal  mass of  the mixture is  avai lable  or  when the to tal  mass can be 

determined f rom the avai lable  data.  In  ca lcula t ions  s imi lar  to  those for  

percentage w/v and v/v,  the pharmacis t  might need to  so lve severa l  types of  

problems, inc luding determinat ion of  the weight of  a  const i tuent ,  the to tal  

weight  of  a  mixture, or  the percentage w/w.  

1.  How many grams of  drug substance should be used to prepare 240  g  

of a 5% w/w solution in water?  

a.  The f i rst  s tep in  any percentage w/w problem is  to a ttempt  ident i f icat ion 

of  the to tal  mass of  the mixture.  In  th is  problem, the to ta l  mass is ,  

obvious ly,  provided (240 g) .  

b.  The problem can be eas i ly so lved through dimensional analysis.  

 

2.  When the tota l  mass of  the mixture is  unavai lab le  or  cannot be 

determined,  an extra step  is  requi red in the ca lcula t ions.  Because i t  is  

usual ly impossib le  to  know how much vo lume is  d isp laced by a so l id  

mater ial ,  the pharmacist  is  unable to prepare a speci f ied volume of  a  

so lu t ion g iven the percentage w/w.  

How much drug should be added to 30  mL of water to make a 10% w/w 

solut ion?  The vo lume of water  that  is  d isp laced by the drug is  unknown,  so 

the f ina l  volume is  unknown.  L ikewise,  even though the mass of  solvent is 

known (30 mL × 1 g/mL = 30 g) ,  i t  is  not  known how much drug is  needed, 

so the to ta l  mass is  unknown.  The water  represents  100% -  10% = 90% of  

the to tal  mixture.  Then,  by propor t ion,  the mass of  drug to  be used can be 

ident i f ied. 

The common error  that  many s tudents make in so lv ing problems of  th is  

type is  to  assume that  30 g is  the tota l  mass of  the mixture.  Solv ing the 

problem wi th  that assumpt ion gives the fol lowing incorrect  answer.  



D. Ratio strength.  Sol id or  l iqu id formulat ions that  conta in  low 

concentrat ions of  act ive ingredients  wi l l  o f ten have concentrat ion expressed 

in  ratio strength.  Rat io  s t rength,  as  the name impl ies , is  the express ion of  

concentrat ion by means of  a  ra t io .  The numerator and denominator  o f the 

ra t io  ind icate grams (g)  or  mi l l i l i ters  (mL) of a  sol id  or  l iqu id  const i tuent  in  

the to tal  mass (g)  or  vo lume (mL) of  a  sol id  or l iqu id  preparat ion. Because 

percentage strength  is   
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essent ial ly  a ra t io  o f  parts  per  hundred,  convers ion between rat io  s t rength 

and percentage s t rength is  eas i ly accompl ished by propor t ion. 

1.  Express 0.1% w/v as a rat io strength.  

a.  Rat io  s t rengths are by convent ion expressed in reduced form,  so in  

set t ing up our  propor t ion to  so lve for ra t io  s t rength,  use the numeral  1  in  

the numerator  o f  the r ighthand rat io as  shown: 

b.  L ikewise,  conversion from rat io  s t rength to  percentage st rength by 

propor t ion is easy,  as  seen in  the fo l lowing example. Keep in  mind the 

def in i t ion of percentage s t rength (par ts  per  hundred)  when set t ing up the 

propor t ion. 

2.  Express 1:2500 as a percentage strength.  

 
E. Other concentrat ion expressions  

1.  Molarity (M) is  the express ion of  the number of  moles of  so lu te d isso lved 

per  l i ter  o f so lut ion.  I t  is  ca lcula ted by d iv id ing the moles of  so lu te by the 

vo lume of  so lu t ion in  l i ters .  

 
2.  Normali ty.  A convenient  way of  deal ing wi th  ac ids ,  bases,  and 

e lec t rolytes  invo lves the use of  equiva lents .  One equiva lent  of  an ac id  is  

the quant i ty o f  that  ac id that  suppl ies  or  donates 1 mole of  H+  ions. One 

equiva lent  of  a base is  the quant i ty that furn ishes 1 mole of  OH -  ions.  One 

equiva lent  of  ac id  reacts wi th  1  equiva lent  o f  base.  Equiva lent weight can 

be ca lcula ted for  a toms or  molecules. 



 

The normali ty (N)  o f  a  so lu t ion is  the number of gram-equiva lent weights 

(equiva lents)  of  so lu te per  l i ter o f  solu t ion.  Normal i ty is analogous to  

molar i ty;  however,  i t  is  def ined in  terms of  equivalents  ra ther  than moles. 

 
3.  Molal i ty (m) is  the moles of  solu te dissolved per  k i logram of  so lvent .  

Mola l i ty is  ca lcula ted by d iv iding the number of  moles of  so lu te by the 

number of  k i lograms of  so lvent.  Mola l i ty o f fers an advantage over molari ty 

because i t  is  based on so lvent weight and avoids problems associated wi th  

vo lume expans ion or contract ion owing to  the addi t ion of  so lu tes. 

 

4.  Mole fraction  (X)  is  the rat io o f the number of moles of one component  

to  the to tal  moles of  a  mixture or  so lut ion. 

 

VI. DILUTION AND CONCENTRATION. 
I f  the amount o f  drug remains constant  in  a d i lu t ion or  concentrat ion,  then 

any change in  the mass or  vo lume of a  mixture is inverse ly propor t ional  to 

the concentrat ion. 

A. Di lut ion and concentrat ion problems can be solved by:  

1.  Inverse proport ion (as ment ioned ear l ier ) 

2.  The equat ion quant i ty1  ×  concentrat ion1  =  quant i ty2  ×  concentrat ion2  

3.  Determining the amount  o f ac t ive ingredient  present  in  the ini t ia l  mixture 

and, wi th  the assumption that the in i t ia l  quant i ty does not  change,  

ca lcula t ing of the f inal  concentrat ion of  the new tota l  mass or vo lume 
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4.  Al l igat ion medial .  A method for calcu la t ing the average concentrat ion of  

a  mixture of  two or  more substances 

5.  Al l igat ion al ternate.  A method for  ca lcula t ing the number of parts  o f  two 

or  more components  of known concentrat ion to  be mixed when the f inal  

desi red concentrat ion is  known 

B. Di lut ion of  a lcohols and acids  



1.  Di lut ion of  a lcohols.  When a lcohol  and water  are mixed,  a contract ion 

of  vo lume occurs.  As a resul t ,  the f inal  vo lume of solu t ion cannot  be 

determined accurate ly.  Nor  can the volume of  water  needed to d i lu te  to  a  

cer ta in percentage v/v be ident i f ied. Accord ing ly,  percentage w/w is  o f ten 

used for  so lu t ions of a lcohol .  

2.  The percentage strength  o f  concentrated acids is  expressed as 

percentage w/w.  The concentrat ion of d i lu ted acids is  expressed as 

percentage w/v.  Determin ing the vo lume of  concentrated ac id to be used in  

prepar ing a d i luted acid  requi res the spec i f ic  gravi ty o f  the concentrated 

ac id . 

C. Di lut ion and concentrat ion of  l iquids and sol ids.  Di lu t ion and 

concentrat ion problems are of ten easi ly so lved by ident i fy ing the amount  o f  

drug involved fo l lowed by use of  an appropria te  propor t ion. 

1.  How many mil l i l i ters of  a  1:50 stock solut ion of ephedrine sulfate 

should be used in compounding the fol lowing prescript ion?  

Rx ephedrine sulfate 0.25% 

 rose water, ad 30 mL 
 

2.  How many mil l i l i ters of  a  15% w/v concentrate of  benzalkonium 

chloride should be used in preparing 300  mL of a stock solut ion such 

that  15  mL di luted to 1  L  wil l  yie ld a 1: 5000 solut ion?  

a.  Fi rs t ,  determine the amount  o f  drug in 1  L of a 1 :5000 so lut ion. 



b.  Now, because 15 mL of  the s tock so lut ion is  be ing di luted to  1 L,  a s tock 

so lu t ion is needed in  which 15 mL contain  0.2 g of  drug.  The amount  of  

drug requi red to  make 300 mL of  the s tock so lu t ion is  found by propor t ion. 

c .  Final ly,  to  determine the amount o f  15% concentrate requi red, 

 

3.  When the rela t ive amount o f  components  must  be determined for  

preparat ion of a  mixture of  a  des i red concentrat ion,  the problem is  most  

easi ly so lved us ing a l l igat ion al ternate. 

How many grams of  2.5% hydrocort isone cream should be mixed with 

360  g  of 0.25% cream to make a 1% hydrocort isone cream?  

The re la t ive amounts of  the 2.5% and 1% creams are 1 to 2 ,  respect ively.  

By propor t ion,  the mass of  2 .5% cream to use can be determined. I f  2  parts 

of  0 .25% cream is represented by 360 g,  then the total  mass (3 parts)  is  

represented by what mass?  
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W ith the tota l  mass known,  the amount o f  2 .5% cream can be ident i f ied.  I f  3  

par ts  represent  the to tal  mass of  540 g,  then 1 par t  represents  the mass of  

2 .5% cream (x  g  = 180 g) .  

 

VII. ELECTROLYTE SOLUTIONS. 
Elect rolyte  so lu t ions conta in spec ies (e lec t ro lytes)  that  d issociate in to ions.  

The mil l iequivalent  (mEq) is  the un i t  used to express the concentrat ion of 



elect rolytes  in  so lu t ion. Table 2-1 exhibi ts some phys io log ical ly important 

ions and thei r  proper t ies.  

A. Mi l l iequivalents.  The mi l l iequiva lent is  the amount,  in  mi l l ig rams, o f a  

so lu te equal to 1 /1000 of i ts  gram-equiva lent  weight .  Convers ion of  

concentrat ions in the form of mi l l iequiva lent  to  concentrat ions in  percentage 

s t rength,  mi l l ig rams per  mi l l i l i ters (mg/mL) or  any other  terms,  begins wi th 

ca lcula t ion of the number of  mi l l iequiva lents  of  drug.  The fol lowing 

examples demonstrate the computat ion of  mi l l iequivalents  and manipulat ion 

of  data f rom Table 2-1 to per form the requi red ca lcu la t ions for  prepar ing 

e lec t rolyte  solu t ions. 

What is  the concentration,  in percent w/v,  of  a solution containing 2  

mEq of potassium chloride per mil l i l i ter?  

Calcu lat ions involv ing mi l l iequiva lents  are easi ly so lved i f  the pract i t ioner 

fo l lows a predef ined procedure to  determine the mi l l iequiva lent  weight .  Th is 

invo lves three s teps. 

1.  Find the molecular weight (mol  wt) .  

Atomic wt K = 39 

Atomic wt Cl = 35.5 

39 + 35.5 = 74.5 g = mol wt of KCl 
 

2.  Calcu late the equiva lent  weight  (Eq wt)  o f  KCl.  

 

3.  Determine the mi l l iequiva lent  weight ,  which is o f  the equiva lent  weight.  

mEq wt  = 74.5 g /  1000 = 0.  745 g or  74.5 mg 

Table 2-1. Valences, Atomic Weights, and Milliequivalent Weights of Selected 
Ions 



Ion Formula Valence
Atomic/Formula 

Weight 
Milliequivalent 

Weight (mg) 

Aluminum A+++ 3 27 9 

Ammonium NH4
+ 1 18 18 

Calcium Ca++ 2 40 20 

Ferric Fe+++ 3 56 18.7 

Ferrous Fe++ 2 56 28 

Lithium Li+ 1 7 7 

Magnesium Mg++ 2 24 12 

Bicarbonate HCO3
- 1 61 61 

Carbonate CO3
- 1 60 30 

Chloride Cl- 1 35.5 35.5 

Citrate C6H5O7
--- 3 189 63 

Gluconate C6H11O7
- 1 195 195 

Lactate C3H5O3
- 1 89 89 

Phosphate H2PO4
- 1 97 97 

Sulfate SO4
-- 2 96 48 

Potassium K+ 1 29 39 



Sodium Na+ 1 23 23 

Acetate C2H3O2
- 1 59 59 

 

P.19 

 

 

Now that  we know the mi l l iequiva lent  weight ,  we can ca lcu la te by 

d imens ional  analys is  and proport ion the concentrat ion in  percentage in  a 

four th  s tep. 

4.  0 .0745 g/mEq × 2 mEq = 0.149 g of drug 

 
How many mil l iequivalents of Na+  would be contained in a 15-mL 

volume of  the following buffer?  

Na2HPO4·7H2O  180 g 

NaH2PO4·H2O  480 g 

Purified water ad 1000 mL 
 

For each sa l t ,  the mass (and mi l l iequivalents)  must  be found in  a 15-mL 

dose. 



B. Mi ll iosmoles (mOsmol) .  Osmot ic  pressure is  d i rec t ly propor t ional  to  the 

to tal  number of  par t ic les in  solu t ion.  The mi l l iosmole is  the uni t  of  measure 

for  osmotic  concentrat ion.  For  nonelect rolytes ,  1 mi l l imole represents  1 

mi l l iosmole.  However,  for  e lec t ro lytes ,  the tota l  number of  par t ic les in 

so lu t ion is determined by the number of  par t ic les produced in  solu t ion and 

in f luenced by the degree of  dissoc iat ion. Assuming complete d issoc iat ion,  1  

mi l l imole of  KCl  represents  2 mi l l iosmoles of tota l  par t ic les,  1 mi l l imole of  

CaCl 2  represents  3 mi l l iosmoles of  to tal  par t ic les, e tc.  The ideal  osmolar  

concentrat ion can be calcu la ted wi th  the fo l lowing equat ion. 

The pharmacis t  should recognize the di f ference between ideal  osmolar  

concentrat ion and actual  osmolari ty.  As the concentrat ion of  so lu te 

increases,  in teract ion between d isso lved par t ic les  increases,  resul t ing in a  

reduct ion of  the actual  osmolar va lues. 

C. Isotonic solut ions.  An isotonic  so lu t ion is one that  has the same 

osmotic  pressure as body f lu ids . Isosmotic  f lu ids  are f lu ids wi th  the same 

osmotic  pressure. Solut ions to  be admin is tered to  pat ients  should be 
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