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"One need not be a qualified soothsayer to recognize tha t  the trends 

i n  the country point toward more and more governmental control over 

pharmaceutical industry. 

t es t ing ,  more quality control, more requirements for  current good 

manufacturing practices,  and more demand for  sc ien t i f ic  e f fo r t  to 

produce safe  and effective drug-dosage forms than ever before. 

in t u r n ,  means a greater need for  educated persons to  perform the 

more numerous and mre d i f f i c u l t  tasks involved in meeting these 

requirements .'I 

. . . . . . . . ... there are  going to be more 

T h i s ,  

Varro E .  Tyler 
1978 

The pharmaceutical industry is a v i ta l  employer o f  doctoral 

graduates of colleges and schools of pharmacy. 

Ph.D.-level graduates complete the i r  education a t  the ra te  of approxi- 

mately 150 per year through programs administered by 43 of the 72 

member schools of the American Association of Colleges o f  Pharmacy2. 

In the United S ta tes ,  
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462 SMITH 

It i s  the purpose o f  t h i s  paper t o  b r i e f l y  review the scope o f  these 

programs. 

e f fect iveness o f  U.S. doctora l  - l e v e l  programs and t h e i r  responsive- 

ness t o  the c u r r e n t  and perceived f u t u r e  needs o f  the pharmaceutical 

i ndus t r y .  

Secondly, suggestions are o f f e r e d  f o r  improving the  

During the  development o f  t h i s  paper, i n s i g h t s  and opin ions were 

i n f o r m a l l y  s o l i c i t e d  from an about equa l l y  propor t ioned group o f  50 

i n d u s t r i a l  managers and academicians (see Acknowledgement sec t i on ) .  

Judgements were sought on the needs f o r  doc to ra l - l eve l  people i n  

i n d u s t r y  , the  types o f  educational experience deemed impor tant  , and 

the values placed on education t h a t  might  be achieved i n  a pharmacy 

school versus t h a t  a t t a i n a b l e  i n  an equ iva len t  counterpar t  ( g . 3 .  

chemistry department, medical school pharmacology department). Addi t -  

i o n a l l y ,  i n fo rma t ion  gained through the  a c t i v i t i e s  o f  t he  APhA Academy 

o f  Pharmaceutical Sciences Comnittee f o r  Federal Research Support3 

was h e l p f u l  i n  developing the  author 's  perspectives. 

In t he  f o l l o w i n g  sect ions,  t h e  author  addresses c u r r e n t  indust -  

r i a l  needs f o r  doctora l  - l eve l  pharmaceutical s c i e n t i s t s  i n  t h e  areas 

o f  pharmaceutics, medicinal chemistry and pharmacognosy , pharmacology 

and tox ico logy,  and pharmacy admin i s t ra t i on .  I n  a l l  these d i s -  

cussions, t he  necess i ty  t o  develop h i g h  q u a l i t y  graduates i s  emphasized. 

Recognit ion i s  given t o  the  f a c t  t h a t  federa l  support t o  graduate 

and postdoctora l  t r a i n i n g  i s  l i k e l y  t o  decrease o r  remain s t a b l e  

( i n  r e a l  d o l l a r s )  over the nex t  t en  t o  twenty years. 

time, academicians i n  the Uni ted States must r e a l i z e  t h a t  the pro- 

p o r t i o n  o f  18- t o  24- yea r  o lds  i s  p ro jec ted  t o  decrease 23% by 

1 997" 

A t  t he  same 

I n  the l a t e r  sect ions o f  t h i s  paper, s t r a t e g i e s  a re  proposed 

f o r  improving the effect iveness of t r a i n i n g  graduate-level pharma- 
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DOCTORAL EDUCATION 463 

ceutical scientists. 

described in a recent work by the author5. 

presented for closer collaboration between academic and industrial 

institutions. 

Many of the ideas presented are more thoroughly 

Finally, suggestions are 

CURRENT STATUS OF DOCTORAL 

PROGRAMS IN THE PHARMACEUTICAL SCIENCES 

Colleges and schools of pharmacy in the United States are 

currently administering %.@. program5 in pharmaceutics (industrial 

pharmacy, physical pharmacy and biopharmaceutics/pharmacokinetics) , 
medicinal chemistry and pharmacognosy , pharmacology and toxicology , 
and pharmacy administration (socioeconomic pharmacy). 

established programs are nearly 30 years old while others have only 

developed real strengths in the last 10 to 15 years. 

grant funding and publications, about 15 schools accounted f o r  60% 

of all activity during the period 1978 through 197g2. 

Industrial Pharmacy , Physical Pharmacy and Bi opharmaceutics 

The more 

In terms of 

Programs in industrial pharmacy, physical pharmacy, and 

biopharmaceutics/pharmacokinetics can all be placed under the 

umbrella of pharmaceutics. 

these areas are lumped under the title of pharmaceutical chemistry 

and may also embrace analytical pharmaceutical chemistry as a sub- 

specialty. Regardless of title, the pharmaceutics Ph.D. is usually 

concerned with dosage form design, development, evaluation, and 

performance in bioiogical systems. Programs leading to the academic 

doctorate generally involve advanced education in mathematics, 

physical and analytical chemistry, statistics, physical pharmacy, 

and biopharmaceutics/pharmacokinetics . 
additional needs for courses in engineering and materials sciences , 

However, in some schools of pharmacy, 

Many educators acknowledge 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



4 64 SMITH 

pharmacology, and industrial  management. 

potential course "overloads" because of the myriad of offerings that 

are of potential u t i l i t y  t o  the industrial pharmaceutics s c i en t i s t .  

However, Rhodes6 warns of 

A great need ex is t s  for Ph.D.-pharmaceutics s c i en t i s t s  i n  i ndus t -  

r i a l  firms i n  the United States.  There are also indications tha t  

similar needs ex i s t  in Western Europe. 

appear t o  be in the area industriallphysical pharmacy6 9 ' .  

reasons can be cited for this s t a t e  of a f f a i r s .  

generally been a significant s h i f t  i n  the interest of 

graduate students i n  recent years towards more biological-type 

sciences. T h u s ,  students who e l ec t  a pharmaceutics t r a c t  are more 

likely to  pursue specialization i n  biopharmaceutics or  pharmacokinetics. 

Second, U.S. pharmaceutics faculty have moved more towards biopharma- 

ceutics/pharmacokinetics in the l a s t  10 years. 

faculty-equipment-space investment necessary to  develop industrial  

pharmacy programs has apparently been viewed as prohibitive by pharmacy 

and university central administrations. These problems have been 

exacerbated by a general lack of federal and industrial support for 

physicallindustrial pharmacy programs and research3 The federal 

government has generally not favored supporting physical -industrial 

pharmaceutical training and research; U.S. industry has been u n w i l l i n g  

t o  invest the two t o  f ive  million dollars per year tha t  has been 

estimated as being needed to educate suf f ic ien t  numbers of Ph.D. 

pharmaceutics sc ien t i s t s8 .  

The most acute shortages 

Several 

First, there has 

T h i r d ,  the substantial 

There a re  many unmet  needs for  analytical pharmaceutical chemists 

in industry. 

ceutics or  medicinal chemistry departments i n  U.S. colleges of 

pharmacy and have never represented sufficient numbers to  formulate 

Faculty i n  this sub-specialty are located in pharma- D
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DOCTORAL EDUCATION 465 

separate departmental o r  divisional status. 

bably not more than ten faculty members nationwide who are  clearly 

identified w i t h  the discipline.  

Indeed, there are pro- 

The need for pharmaceutics and analytical pharmaceutical 

chemistry Ph.D.'s are clearly not being met by chemistry or  engineer- 

ing faculties.  A physical chemist who might come closest  t o  a 

pharmaceutics doctorate, will have great deficiencies i n  his/her 

background w i t h  respect to dosage form design and development. 

i s  acknowledged that two of the "giants" i n  physical pharmacy, 

Professors William and Takeru Higuchi , were trained i n  physical 

chemistry. 

their colleagues and students have helped develop a body of know- 

ledge over the past t h i r ty  years that  underscores the need for  

people specifically trained i n  physical pharmacy. 

I t  

However, these two productive sc ien t i s t s  and many of 

Analytical chemistry faculty i n  chemistry departments i n  the 

United States have become increasingly concerned w i t h  physical and 

theoretical chemistry in the l a s t  10 to  15 years. There i s  certainly 

a need for  th i s  ac t iv i ty  to advance the state-of-the-art of analytical 

chemistry. 

have become less exposed to  the variety of analytical techniques and 

approaches that are necessary for  analyses of pharmaceuticals. This  

is particularly true for  determinations i n  complex milieu (g.3. 

dosage forms, biological f lu ids) .  As a consequence, demand for  

analytical pharmaceutical chemists has increased dramatically i n  

recent years. 

Doctoral reci pients i n  analytical chemi s t ry  , however , 

it is  not the author's intention t o  underrate the need fo r  

biopharmaceutics/pharmacokinetics Ph.D. ' s  i n  industry. The demand 

fo r  these people is not as great as the more traditional physical/ 
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SMITH 466 

i n d u s t r i a l  pharmacy doctora l  graduates; y e t ,  t he re  are s t i l l  

s i g n i f i c a n t  oppor tun i t i es  f o r  t h e  Ph.0. i n  biopharmaceutics/pharmaco- 

k i n e t i c s .  Facu l t y  i n  biopharmaceutics/pharmacokinetics, however, 

should be aware o f  one caveat. 

f a c u l t y  i n  the  pharmaceutical sciences have no monopoly on t h e i r  

respect ive areas o f  research. Indeed, pharmacokinetics has become 

an area o f  study f o r  c e r t a i n  pharmacology as w e l l  as pharmaceutics 

f a c u l t y .  

Professors Gerhard Levy, Eino Nelson, Sidney Riegelman and John Wagner 

w i l l  n o t  be forgot ten.  Hwever, as the  f i e l d  o f  biopharmaceutics/ 

pharmacokinetics advances, f a c u l t y  w i l l  have t o  become more as tu te  

As I i nd i ca ted  i n  an e a r l i e r  paperg, 

Cer ta in l y ,  t he  p ioneer ing e f f o r t s  o f  f a c u l t y  such as 

i n  the  b i o l o g i c a l  sciences t o  t a c k l e  the  more d i f f i c u l t  problems o f  

t h i s  f i e l d .  

he lp t o  make up f o r  d e f i c i e n c i e s  i n  c l i n i c a l  pharmacology t h a t  e x i s t  

i n  many pharmacy-pharmacology programs (see below). 

biopharmaceutics/pharmacokinetics f a c u l t y  should f i n d  i t  mutua l l y  

b e n e f i c i a l  t o  form c l o s e r  assoc iat ions with pharmacology f a c u l t y  

and/or departments. 

Medicinal Chemistry and Pharmacognosy 

Indeed, the  i n p u t  o f  pharmacokinetics f a c u l t y  could 

A t  t h e  sane t ime, 

The need f o r  doc to ra l - l eve l  medicinal chemists and pharmacognosists 

i n  indus t r y  has va r ied  considerably  over  the  pas t  10 t o  15 years. 

This f a c t  has s o c i o l o g i c a l  and s c i e n t i f i c  antecedents. S p e c i f i c a l l y ,  

medic ina l  chemistry i s  viewed by many i n  i n d u s t r y  as p r i n c i p a l l y  an 

extension of organic  chemistry. Thus, many i n d u s t r i a l  managers seek 

ou t  the bes t  organic  chemists f o r  openings. Since the re  has been no 

l a c k  o f  organic chemists, even from t h e  bes t  departments, sane medi- 

c i n a l  chemists coming from pharmacy schools have experienced d i f f i c u l t y  

i n  securing employment i n  i ndus t r y .  Consequently, some new graduates 
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DOCTORAL EDUCATION 467 

have had to  take jobs i n  a l l i ed  areas. The tendency to  hire organic 

chemists i s  often perpetuated by medicinal chemical managers who 

themselves cane out of s t r i c t l y  organic chemical groups. 

Partly because of the competition from organic (and bioorganic) 

chemical groups, some U.S. medicinal chemistry departments have 

developed excellence within the i r  ranks. Th i s  i s  reflected i n  part 

by the relatively h i g h  measure of success medicinal chemists have 

had i n  a t t rac t ing  extramural grant funds from the federal governmentlo. 

On the other hand, a number of mediocre medicinal chemistry programs 

s t i l l  ex is t  i n  the United States.  T h i s  has not helped the image and 

potential employment opportunities for  many young medicinal chemists. 

T h i s  is an appropriate point t o  emphasize a strongly held personal 

opinion. That i s ,  quality graduates regardless of their specialization 

will always find gainful employment i n  industry. Thus ,  the medicinal 

chemist w i t h  an outstanding foundation i n  organic chemistry, spectro- 

scopy, and pharmacology will usually succeed. However, as w i t h  a l l  

good doctoral students, exceptional research skills must be developed 

(see belcw). 

cognized organic chemist o r  pharmaceutical s c i en t i s t  may be necessary ’ 

for  the Ph.D.-medicinal chemist t o  create the necessary competitive 

edge for  a position i n  industry. 

Additionally, postdoctoral experience w i t h  a well re- 

There a re  limited industrial  opportunities for tradit ional 

pharmcognosy Ph.D. ‘s. However, certain pharmacognosy faculty members 

and departments have becane more oriented towards organic and 

bioorganic chemistry i n  recent years. When expertise i n  these areas 

is coupled w i t h  background and experience i n  separations methods and 

microbiology, graduate pharmacognosists resu l t  tha t  have expanded 

industrial  opportunities. In this regard, microbial chemistry re- 

presents an outstanding f ie ld  for  training doctoral candidates who 
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468 SMITH 

may ultimately find industrial employment in the ever widening field 

o f  antibiotics and antimicrobial research, and recombinant engineering. 

The few U . S .  medicinal chemistry-pharmacognosy departments that 

have developed good programs in drug metabolism and pharmaceutical 

analysis generally find little difficulty in placing their doctoral 

graduates. 

tion with selected pharmaceutics and biochemical pharmacology faculty 

members. 

abilities in pharmacokinetics and pharmacodynamics. 

in pharmaceutical analysis should have an understanding o f  the 

challenges that arise during the assay of bulk drugs, drugs in dosage 

forms, and drugs and metabolites in biological fluids. Thus, back- 

ground in traditionally defined pharmaceutics areas are appropriate 

for the pharmaceutical analysis student who is “housed” in a medicinal 

chemistry department. 

Pharmacology and Toxicology 

Success in these areas will be Perpetuated by collabora- 

So-called drug metabolism specialists will have to develop 

People trained 

Many U.S. colleges and schools of pharmacy do not have pharma- 

cology departments”. Of the ones that do, a relatively small propor- 

tion have developed high quality graduate programs. Some schools 

with pharmacology departments have not invested heavily enough in 

quality faculty and facilities. 

include advanced study in various aspects of pharmacology including 

toxicology; physiology, pathology, biochemistry, statistics, and 

computer science. A number of industrial managers emphasize the 

importance of the latter two areas because of the significant amounts 

of data that require processing during development of New Drug Appli- 

cations. 

First-rate graduate programs will 

Medical school pharmacology programs have certain advantages 

over their counterparts in pharmacy schools. Not least of all are 
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DOCTORAL EDUCATION 469 

lightened teaching loads which permit more time for faculty t o  develop 

as effective researchers. Also, as noted ea r l i e r ,  medical school 

pharmacology programs are able t o  develop clinical  pharmacology 

sections tha t  are essentially non-existent in pharmacy departments. 

However, pharmacy-pharmacology programs have the opportunity t o  en- 

rich the i r  students'  programs through collaborative e f for t s  w i t h  

medicinal chemists and pharmaceutics faculty and students. Such 

collaborative e f for t s  serve as an outstanding model fo r  the type of 

cooperation tha t  is required during drug  developmental work i n  

i ndus t ry . 
I have had the occasion to visit w i t h  students i n  a number of 

medical school pharmacology programs over the past two years. 

these encounters, I was struck by the re la t ive  naivete of the 

doctoral students regarding the overall process of d r u g  development. 

Indeed, the opinion of a t  least one industrial  manager in pharmacology12 

was confirmed. 

Prograns a re  too narrow i n  outlook. 

During 

That i s ,  many graduates o f  doctoral-level pharmacology 

Industrial opportunities for  Ph.D. level pharmacologists appear 

This i s  especially true i n  the t o  be excellent a t  the present time. 

sub-specialty o f  toxicology where a yearly need of 200 or more Ph.D.- 

level toxicologists is predicted for  several years t o  

Pharmacy Administration 

Graduate programs stressing business and socioeconomic aspects 

of pharmacy are frequently referred to  by the unfortunately ambiguous 

t i t l e  of Pharmacy Administration. There are few quality pharmacy ad- 

ministration programs i n  the U.S.  Furthermore, one educator i n  the 

area"' bemoans the f ac t  that  the good programs can hardly meet re- 
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470 SMITH 

quirements f o r  pharmacy admin i s t ra t i on  f a c u l t y  no l e s s  f u l f i l l  t he  

perceived needs i n  i ndus t r y .  

Oppor tun i t ies f o r  pharmacy admin i s t ra t i on  graduates would appear 

t o  be i n  the  areas o f  market research, corporate development and 

planning, research admin i s t ra t i on ,  sales management, i n d u s t r i a l  r e -  

l a t i o n s ,  and pub1 i c /p ro fess iona l   relation^'^. Because f extens ive 

oppor tun i t i es  i n  these groups i n  the  U.S. pharmaceutica i ndus t r y ,  

t he re  i s  l i t t l e  reason t o  be l i eve  t h a t  q u a l i t y  pharmacy admin i s t ra t i on  

graduates wouldn ' t  be accepted i n  i n d u s t r i a l  p o s i t i o n s .  

STRATEGIES FOR EFFECTIVELY EDUCATING DOCTORAL-LEVEL 
PHARMACEUTICAL SCIENTISTS FOR INDUSTRY 

Two elements a re  of paramount importance i n  educating Ph.D.- 

l e v e l  pharmaceutical s c i e n t i s t s  f o r  t he  pharmaceutical i ndus t r y .  

F i r s t ,  t he re  i s  no s u b s t i t u t e  f o r  q u a l i t y .  

r e c r u i t  t he  bes t  f a c u l t y  and students, p rov ide  them w i t h  s u f f i c i e n t  

basic resources (g.9. equipment, support s t a f f ) ,  and a l l o w  f o r  

s u f f i c i e n t  t ime f o r  f a c u l t y  t o  b u i l d  except ional  programs. 

an element o f  personal i n d i g n a t i o n  i n  these admonishments. 

b e l i e f  t h a t  academic pharmacy and s i g n i f i c a n t  numbers of pharmacy 

admin is t ra tors  have f o r  t o o  long considered research and graduate 

education as dispensable a c t i v i t i e s .  Th is  i s  deplorable! The pharma- 

c e u t i c a l  sciences have become w e l l  estab l ished over the  pas t  30 years. 

Academicians i n  the  pharmaceutical sciences should be proud o f  t h i s  

fact .  

t i s t s  i n  i n d u s t r y  

graduate education and research. 

should emulate medical school f a c u l t y  and admin is t ra t ions who view 

t h e i r  research r o l e s  as essen t ia l  t o  t h e  h e a l t h  (sic) o f  soc ie ty .  

Pharmacy schools must 

There i s  

It i s  my 

The recent  ser ious shortages of q u a l i t y  pharmaceutical sc ien-  

academia should a t t e s t  t o  the  importance o f  

Pharmaceutical science f a c u l t y  
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DOCTORAL EDUCATION 47 I 

The second most important criterion t h a t  should be sought in 

developing and implementing quality graduate programs in the pharma- 

ceutical sciences i s  an emphasis on research and research ski l ls .  

Nothing is more important t o  the industrial manager than hiring 

creative individuals who are effective problem solvers. This fact 

has been stated aptly by Dr. Jane SheridanI6 who proposes that 

industrial scientists ....I' understand what i s  meant by defining the 

dimensions o f  a project, by controlling their plan when their da ta  

i s  unexpected, by recognizing w h a t  are the pertinent parts and what 

are irrelevant side-tracks and las t ly ,  knowing when the problem i s  

either solved or cannot be solved by currently available resources." 

In the sections that follow, the themes o f  quality and importance of 

research acumen are stressed. 

Disciplinary vs. Interdisciplinary Training 

I n  graduate education, i t  i s  important for the beginning stddent 

t o  work mostly w i t h i n  a discipline. 

the weaving o f  research and research training throughout the student's 

graduate career'. 

A ,  in Figure 1. 

B, which involves two years of intensive course work prior t o  beginn- 

ing research. 

"heart" of the student's program. 

t o  research and problem solving activit ies.  

O f  even greater significance i s  

This notion i s  illustrated by the diagram labeled 

Note t h a t  this model contrasts with a second model, 

I favor model A because i t  emphasizes research as the 

Also, i t  maximizes time allocated 

The major professor has t o  be more priority conscious i n  helping 

the student choose course work i n  the model-A system because there i s  

less time allotted for this activity; however, this l iabi l i ty  i s  

worth accepting for the sake of devoting greater overall time t o  

research activit ies.  An additional "hidden" benefit of model A i s  
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5 E RESEARCH 

COURSE WORK 
1 
1 1 1 4 

I I 

A 

Yearr, of Graduate study 

FIGURE 1 .  

Diagramatic representations o f  modefs for 

graduate study. Approximate formal course 

equivalents: A ,  25 t o  30 semester hours 

(g 40% o f  years 0 through 3.3); B y  42 to 48 

semester hours (50% of years 0 through 4 ) .  

related to students taking modest amounts of course work almost 

entirely throughout their graduate career. 

learn t o  budget their time, a management-type activity t h a t  will be 

o f  great benefit t o  the future industrial scientist .  

That i s  , students must 

While the author  acknowledges the importance of training 

within a discipline, the student must be aware of interdisciplinary 

work from the beginning of hidher  graduate career. Especially for 
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DOCTORAL EDUCATION 473 

the prospective industrial  s c i en t i s t ,  serious exposure t o  inter- 

disciplinary work should occur toward the end of his/her graduate 

education. 

The reader should a l so  note tha t  the diagram i n  Figure 2 suggests 

tha t  the postdoctoral fellow receive a "heavy dose" o f  interdisci-  

plinary training as a prelude t o  accepting an industrial position. 

To c la r i fy  what the author means by interdisciplinary research, the 

following definit ion is provided '. 

T h i s  proposal i s  diagramatically presented i n  Figure 2. 

"Interdisciplinary research involves the jo in t ,  coordi- 

nated, and continuously integrated e f for t s  of investi-  

gators from different disciplinary backgrounds. These 

people work together t o  produce results which are so 

t igh t ly  woven tha t  individual contributions a re  not 

easi ly identified. In chemi cal -bi ological interdisci  - 
plinary studies,  for  example, the chemist will perform 

biological experiments; the biologist will do some chemi- 

cal work." In contrast . . . ."Multidisciplinary research 

resu l t s  from experts i n  different disciplines working 

separately on various aspects o f  a primary objective. 

The synthesis of resu l t s  is done primarily by the 

research manager. 'I 

The author stresses the value of interdisciplinary work i n  

graduate and postdoctoral studies because of the unique cross-disci- 

plinary character of drug  developmental investigations i n  industry. 

Again quoting Dr. SheridanL6 , 
"The real value of the pharmacy-trained employee 

is tha t  they appreciate the end use of our products, 

they understand the interdisciplinary complexities 
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FIGURE 2 

Diagrammatic representation of reconanended 

blend of disciplinary and interdisciplinary 

work i n  graduate and postdoctoral studies i n  

the pharmaceutical sciences. 

of our products, and hence can take a broad spectrum 

approach t o  the projects they a re  given to  work on.'' 

The espousal of the merits of interdisciplinary work is  hardly 

unique to  Dr. Sheridan16 or  this author'. 

long-time director of the University of California a t  Berkeley's 

Laboratory of Chemical Biodynamics , Professor Melvin Calvin, recently 

has been quoted as saying about his laboratory ...... 

The Nobel Laureate and 

"Here physicists,  chemists, and biologists rea l ly  l i ve  

together. 

and think together. 

They a r e n ' t  just placed together, they work 

"'Team' isn't the r igh t  word. You don't decide, 'we're 

going to  have a team' -- a t  l e a s t  I don't .  You look a t  

the problems, what has to  be done, and who can do it .  
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Pretty soon, people s t a r t  getting together. 

own central problem, b u t  each contributes t o  the others. 

They're willing to take the trouble to  participate i n  

their neighbors' concerns. Really participate,  not just 

advise . That I s  an important distinction"' 'I. 

Interestingly,  other progressive academicians and sc ien t i s t s  

Each has his 

outside of pharmacy have also begun to appreciate the value of 

interdisciplinary e f for t s .  The eminent biochemist, Professor Esmond E. 

Snell has recently written the following . . . 
"knowledge, u n l i k e  universit ies,  cannot be segmented along 

departmental lines . . . progress a t  the frontier of know- 

ledge i s  most rapid when a variety of investigational 

techniques i s  applied . . . . . Departmental structures , while 

useful and necessary fo r  administrative and instructional 

purposes, re f lec t  the historical  development of a subject 

area and cannot anticipate future needs i n  i t .  

rigidly or  jealously maintained, they can inh ib i t  the very 

development they seek to  promote. An important function of 

administration a t  a l l  levels should be to  ensure t h a t  rules 

and regulations do not impede interdisciplinary cooperation 

i n  e i t he r  t h e  teaching or research function of the University. 

Only the forward-looking actions of individual faculty mem- 

bers can ensure tha t  such cooperation actually occurs"18. 

Dr. P h i l i p  Handler, President of the National Academy of Sciences, 

I f  too 

has recently written the following . . . . 
"Twenty years ago the major s c i en t i f i c  and societal  

problems st i l l  f e l l  reasonably neatly into the old 

disciplinary compartments of physics , chemistry , geo- 
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logy, and biology, etc. , although biochemistry i tself  

was something of an awkwardness. B u t  t h a t  facile 

compartmentation no longer i s ,  or seems, quite so 

relevant. 

new sets of problems which cannot be quite so neatly 

encompassed. The biosocial problem of population 

control, the environmental c r i s i s ,  the information 

explosion, the energy problem, the future of devel- 

oping nations, even the relationship between brain 

and mind, the genesis of l i f e ,  or the etiology of 

cancer can no longer be managed by a single classical 

discipline. 

disciplinary standpoint, deem as scientific progress, 

may now seem questionable or irrelevant t o  the public 

a t  large"' 9 .  

The reader should no t  misconstrue what has been argued above. 

The very success of science has created 

And so, w h a t  scientists,  from their 

Interdisciplinary work does not substitute for a strong disciplinary 

effort  in the better pa r t  of the graduate student's academic career. 

However, a research advisor who promotes interdisciplinary activit ies 

i s  serving his/her students well. One mechanism for accomplishing 

this objective i s  t o  arrange for joint  group research meetings with a 

colleague in a complementary discipline. 

accomplishing interdisciplinary work have recently been described by 

the author'. 

Management and Comnunicative Skills  

Additional ideas for 

Many industrial managers emphasize the need for managerial and 

exceptional communicative ski1 1s in prospective employees. 

management and scientific writing are often available for graduate 

students, however, the objectives of these offerings should be rein- 

Courses in 
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DOCTORAL EDUCATION 47 7 

forced by the major professor. 

improved management s k i l l s  i n  professorial research managers5. 

effective research manager i n  turn serves as an outstanding model fo r  

the student. More specific mechanisms that aid the graduate or 

postdoctoral student include requirements for written monthly reports 

and oral presentations a t  group research meetings, regularly planned 

individual research conferences between student and professorial ad- 

visor, and mandatory participation i n  organized journal clubs and de- 

partmental or collegiate seminars5. Comnunicative s k i l l s  are further 

enhanced by encouraging presentation a t  regional and national meetings 

of s c i en t i f i c  organizations , and by planned jo in t  review of manuscripts 

prepared by members of the research group or submitted to  the major 

professor as referee5. 

Improving Academi c-Indus tri a1 Interactions 

Since the pharmaceutical industry will be a prime benefactor of 

Indeed, a good case can be made for  

The 

improved graduate programs i n  the Pharmaceutical sciences, i t  seems 

sensible tha t  the industry should be willing t o  be of tangible ass i s t -  

ance. A t  this point, i t  is  important t o  note tha t  few departments or 

universities have the resources to  fu l ly  finance high-quality graduate 

and research programs i n  the pharmaceutical sciences5. 

estimated tha t  i t  takes between $50,000 and $75,000 t o  educate a single 

Ph.D.-level pharmaceutical s c i en t i s t .  Th i s  level of funding is just 

not available through higher education ins t i tu t ions .  

f i t  a re  industrially sponsored fellowship programs tha t  can be established 

and supported by unrestricted grants t o  academic insti tutions.  

modest sum of $10,000 per year, a fellowship can be established i n  

the name of a company t o  support the education of a doctoral level 

student for one year. Two such programs are currently established i n  

Indeed, i t  is 

Of greatest  bene- 

For the 
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478 SMITH 

the Drug Dynamics Insti tute (DDI) a t  the University of Texas a t  Austin. 

One supports students i n  phamceutics while the second sponsors stud- 

ents i n  pharmaceutical analysis. The value of the grants  i s  maximized 

since students can be paid stipends (usually about $500/month) that 

are t a x  free because stipulations can be se t  t o  satisfy the regulations 

enumerated i n  IRS ruling 60-37820. 

The predoctoral fellowship programs administered through the DDI 

also provide for sumner industrial internship experiences. T h a t  i s ,  a 

fellow can spend a sumner i n  the sponsor's firm where he/she i s  expected 

to  work i n  several different areas. These are enriching experiences 

that have been very favorably received and appreciated by students. 

While no obligation to the sponsoring firm is accrued by the fellow, 

the company does have an early opportunity to attempt t o  recruit the 

student f ol  1 owing graduation. 

Other academic-industrial cooperative programs could Pe of benefit 

i n  training increasing nunbers of high quality pharmaceutical scientists.  

For schools i n  close proximity t o  pharmaceutical firms, joint  educat- 

ional programs can be established where the graduate student performs 

much of his/her research i n  the cooperating company. I f  carefully 

planned and monitored, such programs can lead t o  quality graduates. 

Additional bipartisan efforts can include adjunct faculty appointments, 

truly joint  research efforts,  and two-way sabbatical programs. Academia 

and industrial firms should look imaginatively a t  a l l  these options. 

Industry should be generous i n  giving both moral and financial support! 

SUFMARY PND CONCLUSIONS 

Current U.S. industrial needs for Ph.D.-level graduates i n  pharma- 

ceutics, medicinal chemistry and pharmacognosy , pharmacology and toxi - 
cology, and pharmacy administration have been reviewed. The greatest 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



DOCTORAL EDUCATION 479 

demands appear t o  be i n  the areas of physical pharmacy, industrial 

pharmacy, analytical pharmaceutical chemistry, biopharmaceutics/pharma- 

cokinetics , and pharmacology/toxicology i n  that order. Some strategies 

have been presented for educating Ph.D.-level scientists for industrial 

positions. The attainment of quality i n  students and program is  

stressed along w i t h  extraordinary emphasis on research and research skil ls .  

A varying proportion of disciplinary and interdisciplinary research acti- 

vities i s  proposed for graduate level education and some suggestions for 

effective collaborative efforts are provided. Several suagestions have 

been made for improving managerial and cmunicative ski l ls  i n  graduate 

students and their professorial advisors. Finally, proposals have 

been offered for closer interactions between academia and industry. 
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