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e• - !   i   ~-: .,..i i x-   1.--H » f» hi ^h-v* e1 clue strains the iuülati?». oí  <riclu&\nù < }•  a^i>.e >u$n .,-•- u. * 

reduce  tuo i..>-1.i«e   r\. tu, ^ -li t>x,   *n --  tiu--# 

I»ctH-Ati;  ria""   fxpj.?»}.,    • :-   -•   --1' * lt • ' 

Oi   Ï.-OEV   'iati - xv> •- Ci>   •• .,    « n., —   K>-    • ., 

r,,V.i>,.# '^ir.;   ,'vffar^-"' •   i"ör.T-ont ition 
e ¿orioni cai t. 

i*  a   tecio   vÂii.J--  'V'VöM   ti,:.-   ..rice,    tho   ...raV.^lo   uos t   »£ 

piwVuotio.i  ir h<?  DìJIì'. ¿1 U-.'l tiO "Ai 

T, ,     •   •   o  fr .   *v,r   . ..-a h M .¿hre .it c--i «o i v. du iïtr l al  w raeEt ation 

jù ari t 

, ,.:+..    - ~v'   -ti-.r  TI   v."t>r rtw.<   antibiotics, 

first »Ï a!--   ,-.oi...c:;V.a.   tü'.^yolxaw,   e-l vit^r. B. ...   /«• 

raw tatari al   vequii-ed  ï.;f   P^ludou  t-:n a-;ri*ui turbi 

fremiti»   . -.e i-* r^ ••> t. i:au ir.^rt*i..-e  .. v ^ .e-*.. 

.   i-.„/,i,      ---  *•"• i . Coni'»'5'it'ri-i« the  ourrent devyiopt'cr.t   o-.   a">i."^'-   >-to©oiiif.   • •'  í^--^ •  w'1"-*Ii' 

,    . „     *.>.   e.,. : *,*'••>•     ,    I^'M"'   •-•^Dr.osìdo J."iv  producing IR ark «t on.!.-e .  th^  3'¡.óí.I?<--   ..,, i. ....i.- 

unit is --tir,.-.l.ed   to  vfc or 200  T-trr e tonB (.upacì^j  ox 

ferxeu^-.-r. -.olut.,.  rao   :.-o»ai ULOHS TOI rai-áuti-   r'^.^.tatton 

pi «ito.   r,,a:   M   voL^'O  a?*   t»*    '-^M >wi^v   /^msntation 

tecbvic i : • v   n^ù  tntì  rast  i!p-pir'.c-. . t. aauuij^v^  —    r 

are present«d  an-.i iiscucsod sopcT-gtei j«/ 
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1./ Gérerai  aep,rta Jt Plaanin^ a forta(ml.Btioa iilant§ 

2,/ Entrance or :^pro'r;^ C.ouolory «.at the ou^ly of 

str.ir/a/ u,*,: foi jrndi:rlir)B b, oir,....w f;jr ^ ^^ 

five y e a:-8,: / 

inttr:»{:ljOìi-'.'ì 

/ •".->   • f» C'X'i cv g   t >r:. ,»   +- ' • o   ->-.+-.<•: r up or a* 

'2111    ... •p.   ';&üiij£j cl«;i>i. r<?.b '• o •, 

3./ The   ¿r,-drx;;G '-G -•- -í-"iüri.íj '«hid,  .-lioulj inüu.13 not or only 
eufir. ¡er;: i        • *   !.. •-•-•c.^.ít-: V»t :?M-,  cd   w» rhu re as woH» 

--   -VK-U.C. c.  H ter t«ntü.t.ion 

high vol t u¿: c  el - e tri oì W,   - te .   , ,        .,. 

5./ The  control „f ^.ct., .x.rcct lfile,  hy r  ^  „„.^^ 

Plart a^t   :>^   ,W   routine Moratory control   t93tS. 

»Me plant i..  w  ,Ur,t th,  3lanufac:turii,fi procedure., to 

the locai   euw-ly o:  r,-y mariai *, 

JSiL-gO-al ^^rtMì^^i^^t^onjK,c. 

indiar t.<*v 
sago med in oh ara ne» u M ^i 

In tola ehaotar a b^»1 o,lff,.w„ ,.^n   v -    *  « J~.      ,u(^n,y r,in hfì preS6ntad of the BaJor 

o ^...i..,,,   (..ìU ca at  ta*   oame time girea «n 

account of the  raui *%•"••,- -«• •  r„. rqu_,.^.. ._ for n p^c-o-in- division in a 

«•n«,r*U, adaptado   > .r,^„nM,n pl^t, In oorme)ctlon ^ 

tb* ^ore important r^es^e the main trends of developaumt 

*ill  be  surveyed» 
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It/ j?roduoticn oe*bocLb nf penicillin Q and penicillin V. 

?.•/ Vl'Oùu f/::' -.:n x.p.^.o'U? of to';r ¿cycli no fix., 'p /Oxytetracycline 

pad tetracycline/»   tIi-3   thornpsniic importance of new 

-fti*.-;.(. yci ir :   dor' vati vai', 

}./ I'iVúU.L.f -: a.,-1.!.- i- oí  b?ric rv^t;>io ti o~  / streptomycin, 

•."iOf;t¡;%"C-!.¿-/) ÎS.p.r; ..'•ii'.lic't-, i upo re anee of substances 

ÍL,oí?.iLtd on   c,-a   >,t.:.i¿ oí :l.-ai] ar   '. jchnoioj,icsl  principies« 

'•/ fro¡Sv.k.''Jw. '..•'•'     >>? ar ; aerali da ¡> i cilio tica /erythromycin, 

oleandomycin/,. 

:'../ Px"odîKtA..;i :,.>«'  of cui tt fungal  antibiotics /nystatin, 

candid di',,  , r, re ; :"ui vir./« 

. '' îechnolo&lrn.'1.   >'•, ole 

./   I'JChnolr»g¿   o''1   . r.c   ?'T'^bcJi<o of enzyiieñ. 

it in the  production of vitaain B, _• 

>., /  Utilization   i '   .,-¿. í-j.luctB« 

£*-:.' t important  fem rJ^J^-f'/o c^sor _rwi their economic aspects 

LÍV- raatoPy economic   Mdculations far tv  fermentation plant of 

î inobi impc rtszvt procuct? /'v niciliiri«  sti\>ptoaycin#  tetrsr- 

.dines,   vitujui" ?1;j,  etc«/ on trio  icrO.j» of a 200 metric tons 

capacity. A bri a i suirT-ary of the attainable results with other 

"ermezitatlon. 
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ISïnODUOTION 

The diocovery of penicillin,  the development of ita 

large-scale production by nteril* aorob fomentation pro-« 

ce so as msrkod tho origin of a no\« branch of rosoarch and 

a new i;.,,'iho(i oí' production in tho pharmaceutical  industry. 

A groat variety of pharmaceutical  pioducts aro now boing 

produced on a lar^e-ecul« by storilo fermentation pro- 

cessor  rnù try Microbiological trunoforraotiona amounting 

to 2b -  *0 per cent of the  total product of pharmaceut- 

ical industry« ConlLnuin;; rooearch Programmen end pro^rdea 

in technology hrwc resulted in the production, of many cow- 

pounds within tho ncopo of pharmaceutical  industry which 

ore not marketed  firstly oo tho rape litica. Tho vuriouo 

fermentation proí^oucj applied in pharmaceutical  industry 

are ounmarizcù   in Table  1«   (it  is   to  bo found  in the 

addendum),   iadieuting tho  fields of  application,  the dato 

of dieoovcry rendering  information an to the patent  oi*.u- 

ation  ano   in tho  casa of most  important  compounds the In- 

ternationally  accepted  up to  dato prices. 

The production or  various antibiotico rcoult   in the 

moot   important  v 'taction of   the   largest ocalo,   which 

together with tho results obtained in recent  yeare by 

chemical transformation of the boot known antibiotico may 
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prove to be of manufacturing importance in the not too 

distant future. 

Methodu for the production of certain vitamina 

particularly the production of vitamin B12» ^oant an 

entirely similar procoae which - considering that it 

can be produced by anaerob microorganismo as well - 

may also be achieved by simple fermentation tochnique# 

The microbial trans formation of certain compounds 

constitutoa a significant field within the- fermentation 

industry, among which the procesa of üiicroblal oxidation 

of ketouter ida is of the greatest importance. 

In recent years the large-scale production of nu- 

merous extracellular enzymes hao been established. The 

smaller part of the total enzyme production io marketec 

ae digestivo aid, while the larger portion, of the pro- 

duction is utilized by the light industry and iß of 

great economic importance. 

Research development vma  aleo extended to the field 

of ergot alkaloids synthetiaed by Claylcepa purpurea.. 

The latent researches are extended to newer and newer 

areas. 

Finally, it shoulu be noted that the stérilet fer- 

mentation technique in the mass production of micro- 

organisms has beneficial effect on the control of pro- 

cess^ employed in the field of agriculture and in- 

dustry* 
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H evert hei 0H3, this aimultcnoouet establishment of 

the above mentioned complex projects may appear to be 

dioadvantesooua in the one« of an induotrially just 

developing country.  Por potontial futuro dovolopoonts 

among tho various fermentation proceooea the  introduct- 

ion) of vitally important antibiotics and of vitoioin 

Bjo cTo oom-idoredb to be of greateot economic advant- 

age due  to  tboijr therapeutic and  animal  foeding usage» 

Thüß,  in the dioeuooion cash procoaa     io dealt with in 

detail   in u chutes* of  its own* 

Apart  *xo!ii  tho Therapeutic and  economia importance 

the introduit lor« of thoöu production méthode i« motiv- 

ated by the iuet   thi*t the  eeaontif.l raw material re- 

quired,  tho componente of meoia ut;ed  for the  rational 

development, of the  production  uro agricultura! pro- 

ducto or  by-product f*  nvutlab)'»  in o very  country.   Sub- 

sequent to  tl.o  prooor:; uuvelona* 'iti, '¡tage practico,   the 

©actcuoion oí  production pro Ti la i, J a second  uta^o 

operation .vjiioiirs  reasonable,   ocluid eririß  tho  extent 

adequacy cf npooial  nv materials  ¡;otoncoa and   other 

special Eoq/airvmont & dopundin^  GL., ihe  agricultural and 

industrial development of tiio   country in question* 
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Condition« of tha ygtabllghnent of a fermentation 

Within the ocono of the Expert Committee a detailed 

account will eeparatoly bo delivered on the oubjecta 

of fnrwentation techniques and ¡nie roblo logic al opera- 

tions  eaployed  in the fermentation  industry. There- 

for»»   I will not touoh upon these procedures. Never*- 

théiere   I  think that   for the eake of  a better de- 

monstration of the economic aspecto  it   ia necessary 

to dieouoo the doav¿n conditio* a for  the eatabliah- 

Ront of a  ferrontation plunt in tho pharmaceutical 

industry. 

Principle mv^   rf.Moign of a fordentation plant. 

A» it WHO  men ti enti d   in tho introduction, when o^v- 

tabllohing a pharmaceutic."}  fomentation plant  it  is 

adviaablo  to coaMaonoa production with on« of the vit- 

ally iïï»?ort.»?nt antibiotic,. Tho  ra.«ïrî.iot prico« of 

theoee «titibiotio-i?.   penicillin,   tetracycline ana 

essential   b--..sic  i *' tlb lot io<* vary   between  20 - 40 

dollfti.-AfU  In tho  paot few yaura  a  conoiderabie  dé- 

clin«   in  the  QarUot   price» has  occurod ae  a reoult 

Of baoic  pator.t   expirations.   In  my   opinion  further 

declinos may be anticipatoci. Today,  tho economic pro- 

duction of antibiotico on o commercial scale la 
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carried out in large-volume fermontore of 100 - 300 

tons capacity.   The general usa and rational develop- 

ment  of these  large-volume   forinentore  will  doubtless 

affect market prices.   However,   in a  developing 

country  it would not  bo reasonable to  design auch a 

large-volarae fermentation plant.  Due  to  considerat- 

ions, outlined  below,   the   eatabliahment   of   a fui mentat- 

ion plant  of  200  tona   capacity  combined  with a  three- 

channel proceeding plant,   operating  with   extractor, 

ion-exchange? and   precipitating technique,   appe-uo to 

be most advantageous  in viewpoint of  broadening- the 

profile of production.  The   expenditure, of   th.it-  type 

of plant   requires an   investment     of   2.^00*000  dollar**, 

excluding licence coots  and  expenoea  cpont  on ti?i-.im.«f, 

employees  '.vith  the  following partitions: 

2 fermenterà of 50  and  5 of  20 ¡J4C eric 

torn?, working  volume together with  in- 

termedin to fermentorr«,   airfliters, 

proportlulling devices and   medirá pre- 

parato*.; 400.000 dollara 

3 coinpresuorc with capacity of 4.500 

cu.m air/b* 150eÜ0Ü 

Precoat  filter 20  eu.m of  acid>-re- 

siatant dtainleae  uteel 50»OQP '.  

total 600*000 doll ara 
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Fermentation Plernt total 60O»OOO dollar« 

ffxtraçtor ulani 300.000       * 

Ion^exchanfln • plant 250»000 

precipitation  processing plant 200.Opp       * 

(if  the lattor plant  io designed for 

totranycline pro3oo3ing only,   ita 

coot amounts to  about  100.0Q0   dollaro) 

Thuo,   the total   expenditure of  a 

formontation una  proceeding  plant 

amo unte to 1.JS50.0QO dollar;, 

in addition to  J>0 per cent,  inatuilutiun,   10 por cciS 

of appliance nnd   bb por  cent  for ollotmont*   building» 

und  energy supply» 

The« reason« Rupporting  an investment  of the eb^-ü 

volume are us   follows? Production arid   fermentation 

volume  both HIIOV* mark «tab le  protection, und   at   the ¡.:--e 

tim« allowing  the eiiAult^neoua pjuductioa of  variou-: 

products in varying volur-'.u«»   This  decign of   a turer- 

channel pioooesing plant. will find a wide toeoptanc:', 

aß  f> '   ua rent ability unú  market   development j^re con- 

cerned,   though tit the earr-e   tina  it  has u considerably 

increti-uà inventaient expens.« compared to  a singlefol<. 

proceaeing plant. 
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Within tho Booim of a  throcf-channol pro cee a in;; plant 

all tho Dpcesaf'rv procrdi^f ?» car bi> performed. 

For many  developing  countrlea ouch  a   large- 

VOIUL a formen tat .Ion plant   la   boy onci   thoir   initial re- 

quirement« to  Btnrt with,   but  market  development 

juetifiett  tho  n^couuitj  of   establiehing  u unit of 

thiü  typo,   poatsibly by  tho  collective  inveatmento of 

a group of  ötütep.  Mother powerful argument in thie 

matter in,   that  immediately  after the  interna),  pro- 

duction huu   etarted»   un  approaching  requirement of 

therap: utico may occur.   Fürth ormo re,   taking  advantage» 

of tho economic  rcoulto,   promoted marketing  tendency 

may etnorge  In   tho fluid  of  nninul  feeding  un well. 

It  should  h-j empbaulici  that  tho   capacity of pro- 

cocnin;; plant dooi4;ncd  by   thio  eonaidoration  Ja groat o v 

than th.il   of the  i'ernwntrt. ion plant,   oven   in tho cuso 

of a ein;lo  proùuc*: u.'»uui"»¿cturln.;,   lYv.v.i   it   nérveo an 

inexpc.ir.i ve op'ui tuiiity to  bro. den  î-h-j  exinting fer- 

ment or op.-city that  has   buca  token  into   account  in 

the  derlgn  oabooquent to   proper training   of  skilled 

workera. 

Tho aanpo-.-er requirement of a formentat ion plant 

of the tuggeated  capacity of 20Q tona should  ba de- 
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torninoci to local reçu trösten ta» In the e«Ionintion 

preoontod in the lr.»»t »action of thia diecuosion the 

following claim for marrwïer has to be expected for« 

Manc^'as director 1 

Plant enginoore 3 

Porr:'a 19 

2ruinad viorlrirro 60 

Unskilled workers 

Altogether 

50 

13? pavoono 

tua proaar.t ii"* technology of  a f orinen ¿¿¿tien plcnt» 

according to erU-tins conditici,  it io poflr,ib>c. to 

ïvirci'   if* k^'.v>-»how for the aw. «Tioturîr-- of tho v/t-. 

clly importviU antibiotic.  Ho'^oir,  it io vor? 

difficult to dofccn.in::. the or-ot  cam of expense;-»» 

In Qc-.norat»  for about ^C.000 dollaro i> ctcndaxô 

cethocl couXC elroady be pnrcht.icû. 

The ecmad operation, of tua  procens doponds» on 

the n tun cibrei yield of o train a;il  to e-J lutein thic 

hish yiold r- conaU-nt a ote o ti v ft work, requiring 

groat  oxprr.lt.-TLce i¿ r.uadua. 

Obvioanly, thia continuous  strata auppiy la- 
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posea a constant burden »hich may result in the de- 

pendence of a stronger firn having mor« technical and 

economical aavences» thw; it  deas not stimulate fur- 

ther procooii devolopaerr-*  Thur, one has  to "c  ',rt  t » 

tho ides,  that if enverra governments plan th» r.r.» 

al 1E at lost of a phartaaceuticftl fuv^-antatio^ j&&s\V># the 

eetabliahnent of an internatici^ insiti tutina ripeti»?.* 

expedient,  that provide for ihñ í.cnti»'u.Ti«ity of th<« 

strain, supply  and  ie  carvbl© of developing recoarsh 

work tiiu-ultaneouoly. 

Suoh an  i!; vornational tîtralxi-^ouppì;?!.*>.*: ma. re~ 

eearoh devolopi-uunt «actios. un<mlc.   "•*«? altuKfc«** »«set to 

on«; of the full-aoal«. pXont» to tei»  »>u.*^t *ufc It eho-'U 

bo rur- independently.. Thin,  h<r»?*mn?,   lu r^uor dif- 

ficult tf. v .au'i«! au* tr»  reuuir*mí»nts of highly 

qualifiai  ^oovtu, 

/mother powerful ar^unnnt   fgaiiist   -       f»»t-up of 

this projbct  U  its extremely bi^ft conta.  But  if this 

Beetle will  to  supabl'v  to  ope tut« on a pït»p«»r  ïereî, 

the f o suent at ion planta tha ; 'ir*- rationally -"i r'tlD«: 

on thv.   -ithrift uf dttvoîop£««c»t* of this  r.eeti«'îr.' ffej &* 

ablf- -.> «should«»? *» ooi\e'.üti»>bí« rw^ of it« «»intain- 

anca curata wltnlb & ohort whil*. 

Snpp45Íh¿ that the  plan for the  aetting-uj? of 
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thlo contrai inetitutioat would get raalisod, it will 

have to bit to.uippoà' with a emall-ecal« producing pilot 

plant of 200 - 1000  litre ordor of magnitudo volane 

oimilmr in  itf» dofllgn to   full-cîola- forucmtora* TLie 

volai --'*• ou£ht     j be auf fiaient  enough to  £«orv« for 

procjûaswtoohnology research a-a woll» 

%ral n 1P"_gL-°r°°*^>x '   *n ß developing country the 

bao i a condition for tho   ootabliohmont of u new lina of 

induotry  io tito proper   training oí   0xperto>   i.  o» the 

apocini   trminín£ of  engino9vm m\ú  oierobiolor.iaU find 

tha training of ekillöd   workors «ho will   ba  reoponclbla 

for tho   iront important   op erat ioti'»,   Tb io   cuín bo CHna<;od 

by  tho  conblnntioa of   tho  puroh^nod  knor» -ho.» with  re- 

servations ia tho contf-c* ront.';*ntnß  the   t^ainiii^ of 

experts   fcr tho putting   inta   operation  of   n plant,   alBO 

it may   profid * the   final   traini;^,   uf   iMi.'u*.  on tho 

opot,   adopting it  to   lecal conditions* 

Tho othor ponolbility bu u^tod  in   tho  provioua 

pare^riph»   la to organi.*-.« the strain-supply  find prcoooy- 

dovelopaumt   uocfciorü in   each a w.*»v no  to  hu\u  o ap&oity 

left  for  tho training  of cyu^o ru^uirt'«  by  tho pitting 

into operation of  a plant una  afc  th    -JííTJ  t¿:.O ita   took 

could   ha extenuad to oariry out ou.it inuous export train- 
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ing oü ^3ll, eitúultanaoualy with preßte« developaant 

requirements« 

$OY>*>~P  nater und rtra material r.rpplj« T?h®n de- 

signing r* f« renntetion plant the safety of tha energy 

and propose «atur supply ehauld be thoroughly  inv«at- 

igatedu  Tho  onor^y requirement of the propoocd 200 

metric  toas fercumtation plant is b. 500*000 f'/h/yoar, 

3*200  to ru»  stoas/jaar and   1,400.000 cubic m. water/yeax« 

Than« Jfr'.otor« rrpreeent  the largeat charge of product« 

iotti coM'vt a&  it '-ill b«  ir.iicatsd  It.ter on» 

Raw »«tarlai  raqulreronte of a production may be 

coverai   In uluoat  ûvorf  country «let.a tha Baia parts 

of  raw   r.ntiri?»l  ru'i'jlrod  üB   iced luxi-coaat itucaca  ara 

agricul > ~I.V;L   bjf -;,i uuu- to,   li*   ordor  IT aalnt..U»  a 

oonata»«     hi/.h-ít ¿ol  product ¿on»   th«  oiten*.   <#ï v^ujjriy 

and  uní. iumity of ull pooßibl« eoun^a  ^ij   be»   In v nat- 

ive tinA   1.hou^h ttüot cf  thu ** are oil-inaao ti lui   by» 

products  ftppllcubi© without   <tf»y  fur...or préparation 

(a»ybOfcf»i r.oul,   peanut  L:«.UI*   aloe»   etareh   wn*J   flour Kay 

aorta  in   Hr¿>oot proporti' -i no const it uonto  of ssedlua. 

It  tun   Z.-J   hq  cofiQliJ»>riMÎ4   ihê.t   tíiti  cün-itoncy  c,f   tho 

quality  of  the ou uay decisively  i^nuonct» l'\a   «hole 

production levels. Thin i'aov la  prove! by that,  that 

-. 
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•oaa food-produclnfí planta arri*« to thee» Tarn prod« 

uata «it h technique develop^, that take Into aocoun* 

the requissent of fomentation industry, thus «hen 

determines the local mediu», thia hao to ba reckon- 

ad with. 

St»?:-TTtfllog of_rar»nufpqtarlra; ¡ìrocaene?»«  For tha 

sot lofrotory auparvioioa of processe*»  the aatabllnh«* 

eent of a alcroblologloal» analytical and nharaaeeut- 

leal (for toxicity teeti,  pyogenity deternlixaUoMj 

laboratory Sa  nfc-oe'tuary.  Apart fro» thes« rout¿no 

teuta tho poaaiblUty for chemin/?  operation« lía pilot 

pianta ròould also h* ae<wr; .X.  In all cm*m o/ fcn©»» 

how bought  the pranaoaaa «r-.jl.oy** must ba adopt** to 

tho locai **» aatevW,  «uppir ar.d in the o as« of con« 

tlnuou* prod actio;*, vhaaa aupr-Jiss o»*;t bo checkt-'3 ili 

pilot plio.'i ß^*la«i.-  ïhis pilot  plan* should  be placca 

Into tho forwentat5oa hall b;   ite proper deatG'v'jig. 

îhia of ciiwrf'ï manr-j further *2.' end itu,= •» but  in ih* 

pilot plouf»,  doalg». and opa&xMonal aidtakea,  oui« on 

tsall nti«\K ox© rauca lena oe-itly and  1C«H  ti a« coaauŒ- 

ing tnan the ama« error« in a full-anal e plunt* 
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ABRIEF SUtW-iW ¿BOUT THE MAJOR ffEKMENTATIOB 

PROCESSES 

6-jte.iaopenioillanio acidi semi oyat ho tie pcaicillin 

duvivativeo, oc-i)!ii*loBporí,i5. Cj  C€'.'.S«yntb3t»ia oephalo- 

aporia f'ìarivnti'«'^»» 

àaasirt the antibiotico pciiiaillto*  «Uve rr-.inr^ Gr-u*> 

poolt^*» fcaotoiift» «AS diHcovorr, first.   At; prient „ 

penitdiìlj,\ Q v'xà pcaioiìli» V; Aro produci'" on lare* 

•ed*. Tha aàvun.f.^o of pvnioilUu V egftiu&tt 7*nlci?.Ii& 

G is itr. aoid hiubility»  canoQqw.tly it i-t; b'.ì ft¿~ 

»iniMirateà cr, il-,,  vhtch in tho we of  pvieilli*  G 

¥»a« püflM'»V-   í»"/J   >r¿ iiio  ioni oí  insoluti!« salti»  After 

the 1*13*  ran",», ^tîfuiuirt r /. ¿üA  ol'  potilo ill i*»  ^nto 

therap,   a great  rseíetM.uy ^.wl.oj/od  in  the Microar/ia« 

nier,-. í luiüi^t   ).uniciili.o  *hioh wni duo to  puilciilJnasc 

an f.nR¿/jjíQ inactivating pealo 1 111n,  produced by the  rtí- 

• iötettt  «strains.   Cepita logorili C roaoobl»^ pcaiclììi-. 

in many *.>.*p«u'.Uf   being *l»o  effeotiv« Hgwiviot peni- 

oilliiwresisrtoat bacterid,   but its ontibioU- yielû in 

production ie  much lower tkan those rep or toil for pent- 

Ollliä« 
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The production of 6-amiaopeaicillanio acia, ros» 

p on il ti« for the effect© of perle lilla has allora the 

production of nuaerouo eeíaíMynthotie derivativen «.hloh 

bereue« of thoiff Btructur®,   cl^cea with vory If .v ve- 

locity upon ta a effect of pen i^ ill ani«  mñfsm atta oea~ 

seguentiv affact  roel«tont aicnoïg,urd^r:^fl  «ad ê>w  the 

Bpeotra of   or-20 oooiiuyni botto p-jüio 11II-'   d^rif iròjiws 

grow raor*> fuvourabl«,.  the sea'vyntheti'a psvauotlcis. of 

Datoriale  a£fontine Graa-negawi.v« Etlcro;n-£aalEg¿» alflO 

beorjXi« pooolbl)«. 

The pröc-jfl« for tbc la ol at Ion of 7-!«*ln»*ìì?pfearlo- 

BpovijiUi aoxvi from cei>baloo»orlr:i U la «any jwapaut;; 

rerofiblo tLciu ueod fox- ô-asinopanicilluii© acid and 

rc8Uit€.-3 In thci «jynthflt-». satioa of  oeali-ynthetie Ofc« 

phalocporl^ derivative*» 

A no* outatfui'Jirg ronult of rweeorch development 

la thut tho nuolHunj <,f 6 fc-iinoptnicillani© aciì    œaj 

be chugged by unoalcal  proco.v.vi to   oephalouporlu 

at ruetur9» 

PenrwnJUtlor». of  pnn U \\\In <'.   mid uiipen 1 c 1 MÍ-v. J^^ 

3? ente * ... !- '-.a >. • 'fii^^j? *0d   found to be a cuportow 

prodotti*« ot**wSn for   penicillin  Q and   V. Today,   the 

leve* of economic production \n the cea© of penicillin 
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Q la ranging botosa, là — 16*000 U/ml and in the oe&td 

of penicillin V befcvseem O - 12»000 U/ml» 

la the fiori7 otagcns of penioillim production the 

main conpone&to of tho rirdiu» ware corn at«03 liquor 

(2 - 4?i)   and   lu^o^j O       *#)•  Production  of penicillin 

G wea ai.b'Uicc*3  Hy  t-ho  núú ilion oí phunytactAl^ ußid, 

j while p«miolllí.n V productions by Um   addii.* -^,1 of phen«* 
I 
j Oxyoceti.i   a«t&«   "Uö  mont   rooonfe  duvolopjaeutaJ. vwrk he.a 
i 

I been oononxnoS with  lo^^^ing antibiotic  vjrlr; which 
i * 
Î 
i oan  bfí irif"Euuíüc:-"1 by tho   U'IîIïA'UI operation  of   formuli- 
¡ 

j ûtion technique*  corn ei-ioy  liguen*  lo  lastv'ol,,  jreplu''-:íJ 

I by p^.L-.-.-'.uí.   tiuL/tf,  v.iû   in orcìov to  raniU>.Hí¿-  th.,, prolonged 

J production period rsquir'^,»  the mhUtlen   of icsûtoa«* 

take o plj»^ lu "¡ih.« oooorx?  phao«* of foriaontut.ic.„s dopc/cic»--- 

ing on pU valiMUo Percent :tioicvu are «encrai!;? n».n for 

130 -> ISO houLirfeo By contlftuoua addition  tethnicue tk* 

productive of penicillin c*n be lacinta.l/i•><$ un wfidius 

centuliii'.f::'; ¿.;ltteoafî iMd   i'^-.ioßa aa wall* 

Vtts^ü&áifMf to  icoluti-oï«,   the f eraoiitutlou.» liquid 

Í3 flltpr?,<$ íhror¡;h a fi It orar tei on the very pii that 

the f o irritation fctoppetf« 

In tho deveUpr.ent oí the varioua operations iu« 

volvoû I» controlling fo crantât ion technique?; the 

following; viewpoint« »hould be consideróos which result 
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In the fermentation of high yields of the desired pro*. 

duct?;» In the ca^a of high production, value;; the micro- 

bial activity attained can no ¡lorv be re¿;arde.a t» the 

sole characteristic of  femori tat ire* technology.  7'he 

technology should  be anal?.>.frd In every caa¿ by tb©  final 

output correletfeO with  fermentation periocf  and  unit 

volume,,   respectively,   ßy utilising culture «cdla of  ex~ 

oeosiveXy high ooDcontrat lona and  very Ion« forientation 

perioda ;.»ot  higher cicroW ni  activities may ne  attained, 

as uentlciXied before*.   The high filtering 1OGIV»U,  further- 

more the  emulalo«', oocuriu{>   in  the r.oure« of nrooaeeiufc, 

these feii/entationg do not   app^a.* *cc-noaioa£» 

I^AíLtl'itl-ilL-íl^ilí-.iLl? l?.!LJLüPiJ-£, Oheialflf.lly,   pen 1« 

eillin ii  a w*i.V ac;.0  which  ice./  be " ^ractc'l from  the 

t^xiìifaìilax.ioa. beer at  pH 2 «  2f !> t-.n-)  in a wildij/ alkalin* 

aedi^jx ,vc^At^en.tî,0 into  tu*,   «t^uenue pbuo«» u~* pfl 7»S «= %% 

Bastei on  tb>;a« ch<»raoteriietic'»;  tao rollowing luolatior, 

Iití;rAHfíe of in*  ho*AU~* J .-t 1 tivi-i y of  penicilllix the 

filtor . .   oui-.-.xs's M-oth V>D.*»  ooclisd to  i)°ii continually 

acidified  tu pñ 2p0       2th ¿und   extracted with butyl acetate. 

In the eouraaext; dution a  fivo-foij   rpdur-tiott.  in  volume 

may be attained*   In  large-scale  production the  extraction 

may  oe afibotod with aaparat jiv* and  Podbialniak type ex«- 
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tractor,  respectively. Penicillin v.ca tranafoirsd frors 

butylacetato into the aqueous  pha»-** with tho help of 

buffer of pH 7*5»  thon aßp.ln» extracted with bvt^l* 

aootatc? öt pH  2P3*  The orbilo phfaf.« was dri:-.1 by ae:/..• •."• 

of anhydrouu nodluLrisalphatG,   than F-ô.r;ici]lia G v.aü pxs- 

olpitcv^à by tho  addition rf  r,at-urti«-:1,  solution of po- 

taoeiiUAiiCötato.   Approxisat« output   iti  between  !/0   -  ÜO/>. 

The raw potoooiua aa.lt nay be purifica b;; de-coloi;*- 

izing. it  \7ith Noiit  in n^wt.-ouo coluta oz& and pi-ecApittttitn 

**ith an ordalie  nolvcntr 

ïho  above procedura rupy bo eppliccJ without   unj ffioc1.!- 

floatlo.'js to tho  isolation oí penicillin V tooe 

Production of l— -aire ^.JoM}.1: s W.  ^i/î^ ¿í ••/•i\. ínojceiil - 

oil).<>Tiii.  acid   IB  the- tfnisiv- of the   pí-ilcUl?-   -.. , • :>*-.c.'L -\. 

and  respoiaible for ito mi e ro bio), oc i." •<':•   ^,nU'l\:-\ ue¡, •>••- 

ity.   It n*$ be  iuc uu fon tu ve 'J fros per ' r:i] ii.^ t   (•. "• CT^ •. • 

uall(v from penicillin V)- l>v i,oan~  of < ••.-} K>>v* ~.t  clrcn'i;   • 

or chenir",'£ brc;í¿kdo. ^   ro¡ii"
,-'¡;:^i.voJ.K.   T)JM  <V. • ;       •: r;of Lì-¿/    ¿* 

for thfr* cleavage of ponici).i In 0 rr«.y ho produ-u.^ fruii 

Jfaj^CTJi'J?-   '!-gj?.lì cultivate.   >n  lur/'" v;>li:,\ <¡;;c   ïivj   eli- ;• •• 

ago io  effected by  uoing tito  c;>13ß d !"f»oi.í;f et   bv  '»-h* 

free enzyn«* following'; uutol^-v.í.r',  et ì'J;h e.'.." •-*'v^-i?-, 

of penicillin G  (2 - 5^> roaulilnj  r. yiclr   of 70 » 00/'-, 

ó^Áalncpenicillanic  tvo.ld  ori bo pro'»' ¿ e. by n^fc^'.í, 
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cleavage at low yields,  which ho««vor are supposed to 

be improved at present» 

Semisynthetic pen jcilljjv«.  Theoretically,  6-anino- 

penicillanic acid may be any 1 at ed by any acylchlorid«. 

The  acylatin¿; agent determine*» the microbiological act- 

ivity,  acid-ntability and the  behaviour towards peni- 

cillinase) enzyme of the  resulting penicilll?,  The beet 

knosm eemiaynlhetia penic lllinr:  aroi  Beth 1c ill In  (2-6- 

-diaethoryboiiRyl -peni* illln),   <; ¿-¿c il 1 in  ( r>-Bî.8thyl«<•3- 

-phenyl*-~4 »icov,;i?,olil ¿.onici Hin)   and   dicloxôcilliA 

(which   is tho   diehluro  derivativa of  the  laut  one)» 

Idethicillin  iu  t\-i^ -uonoitive but   rogiitant  to 

penici llinaae*  Oxacillin and   dicloxuciJtlin  ore  acid- 

etable  and  rot>.i»to.nt to  p^uicil i IìUDù.   Thuu't  all  three 

compound«! aro. effoctiv«  a^ainat  penicillin-reolotant 

etraine. 

By  acyli.ting 6-o.rainopenicillanic acide with ra- 

dicals containing basic groupa,   the microbiological 

spectra« of penicillin  broadtins towards  the direction 

of  Gram—negative bactoriuu   The no et  important  meuhorr 

of' thie  &To*\y io   timpícílli-a» 

^°EÌi-3\£''l2SJi r1LiLj J:"LJI£ r2Ï. ' J'"•(;iì°,'"„pn ' r   ac*^  d f •» r 1 vat— 

ivc*.  The ut rain a of 0 yp^.^^o;irV^LìlM produca cephalo— 

e por in C. The atructura of  cephaloeporin C  ie very si- 
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•llar to that of thu penicillin*. The no i et j of th« 

Iaculo reoponnibl* for th>^ ncUvit,? is 7-ftcinootphOr. - 

oporanic acid.  CephaXooporia G   io hot  in«otJ*yhi.ed b? 

penici) i j nana limo  It  e^Mbitn nicrobloloiiicr 1  activ- 

ity Q^finat  poícJllin  r^.„tf"eat ¿ti «Ina  toc. 

liicrobiolc^5.c«a procccf H«,  ror the production of 

cephalosporin. C  In oany renpect« r*j)enbla thoo« ueea 

for penicillin production,   but  the antibiotic yield« 

are muck  lower than thoo» r*portae for the pfinicillix„i. 

Manufacturing  operation« to   predace 7 •fu&lnoccphtilo» 

eporanic aciù fru» cephalosporin. G by  it» M: y1stIon 

resulto^, in  í>uí.:liv'ntb«tiv c -, ^n íü<^O¿IJI1O re l« dérivât-* 

ivea (copiiulotin,   eophale*^ r») » 

fi-:   .ì/o?'iiil".,^y iAt,    v-lcu  of f - chalón« nrcnic 

acid dorivativua  to^athur #ith  thai* Jo» fermentation 

levólo pxovr.nta their ge>> ral  u«e in ther&t. ,  v.»e Bora 

eot  ao  the&o dart vat. ivec tfo  nut  off my wore hovntego- 

OU0 effects when  co^pnror': lo  i>bt*l»«yiti¿&tlc p^aic ill ír-c. 

It  le  a new po-oibilitj to  trsneforn the penloilî.*' 

nucleus of  lo« ptod u-tio;> est to th«  cephp.lciporanif*. 

nucleus by   chuflo ¡.J. fiiOijv»   The   th«ï«?p*îut 1« e^   AOO-> 

nomi a importane« of   thin m-*-r retiult r.»;«/ pro? i to be c:' 

Banufacturing interest in ths not too dintrnt fatare* 
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j»roduotl.-:\ of totracycO^aOf 

Alcool  simal touv'ou sly,   throe eimilar antibiotico 

. ith aimilur utructura and clde—ranga apoctra have 

-eon dieoovuredt  Chlortetracycline, tetrucyelína and 

oxytotrucvcl Ino.  All  thre^ antibiotics are  aaamifaetur- 

od  by format at ios* procedure« using apodos of Strppto^ 

aypei,  and  their thernpeuti« poaaiblliti*}» are almoat 

identical, lívuñúñfñ tftraQycalna and  Oxytetracycline 

aacouni for the laiY>?ot aal« volutia. 

Apolli froc the  thérapeute application & larga 

amount ic u^'d for unlnol ffading purpoaea. 

Portent ?t lea ci   tetr»<c.v \1} ^J?:^, Wed 1 u m requirement s 

of th& varí*'.-••J. ütrrptoii, cote»? Buitabl«  fur the product- 

ion of toiraoycllnea  «how extreme variability«   In fact 

otruim producing  tho  aane  ruitiMotia,   being  individual 

varianti* of the  auao   apoden may prenant   quite different 

requirements in laeuic.  The characteristic« of nedius 

uaed  for the  production of tetracyclines may be Bu.nmari&= 

ed ao foT3fv».i: The iroat  currently eaployeá nitrogen 

source** of  tue aedi« art soybean coal   or  pomiut  ";oaì.  In 

the  cue« of cultures  exhibiting higher yiolda  inorganic 

nitroctm Bourooa,   In the form of aaaonlunaulphate! eure 

appliod. Moat generally starch or eometlmac Ita  way 1 aas 
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digest starch fona is utiliaod aa energy eourc®, or other 

carbohydrate? e.g» in the care of Chlortetracyclin«» 

euoroo«.  Apart  f roa the  current  nitro^on and   energy 

sources tho  modium io  al^Pvya supplemento^  by  industrial 

by-products which huve  favourable effoot on  fomentation 

due  to  tiieir vituisiri. und  growth faeton;»   Tor thi*. pur- 

pose* corn otoep   1ìPUOT?   yeast  or  yoa^t kxt?&«*$, rid  di~ 

ötilloK* «oluì•-.;-!  ore erploye»»  ¥2^iCftQr  thf*<e  coraponout* 

BOdl"r.t.hlorJlo*j  and  fev   tuf forine purpevv*".  *r00-   it.   aihi: 

aûào-t  tu tho Kf-iiuiBo  The   urjfit^c-u of  an',i'J-N^  t'.ui».« i«.e0 

fatti or oilü frequently  ut inalai, o s product; o,:;» 

Iodu¿,   a yiold of  1? - 16,000   J/r •.   ir   csr,.»w;J.dfcVf.'l 

to  be ou fi'io'.ont  for the econor/i^ production  of ay;, te*; n- 

cycling  «-in   W,riK.j:Ri; ;}rt,   renp<-••.<.:-eiyf   Î.1.-.0 antii.io';; • 

produced  ie   bouiià. to  tho  my<í«Aí \_b   therefore the íí.jm'- 

step  of  precox; ng  iK   filtrat J i-vP   by í!LH¡,.,,..< oí  ¿/:-;.rìT«y:ini< 

the broths  Ti J H  prochdur^  JU;   ut«.-a-y perforo .-t by  oxalic 

or sulphuric t.cid or by noenn of r.imul*::;",'^^^ iwo  of 

oralis and  oulphurio ccidsjp   rebpectively?  cidjuMilr^ tho 

pH to  P(, *o  At  then«, instónos CnCO^  cnanto* into nalciu».- 

oxw).c.*i or cnlciucaalph'.'.te,   r6opectivelyf.   reuultin^  in an 

limolatila precipitate v-iiich may  &ct  ao filiez ai."-1 ¿jar* 

fröre fnrrMr;.tati';XL cor>,d it ior-js  the structura cf the precip- 

itateli insoluble eulfc¿ atror%)y dependa on the tenipertit- 

urr» und   *£#*<* el aoi< i f-4 '¿t-tioii  erocedurc?i#   th€.ro*>'?a *;h*s 
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Bode of acldifioation affecta the rate of filtration* 

It  chould bo noted that for tho produotioa of 

tetracyolinea tubo fornente?» without stirrer axe ea- 

ployod  In some planta«  The yield  of produotioa of  tubo 

fermenten la alwayo  lower than  thoe** obtained by  for- 

nentora oqulppe«* with mixeva.  Uor?eveTt   due to  lowor in- 

vestment coata and poner re qui resienta  it   in neverthe- 

less! employed.  If a fermentation plant  la   equipped 

both with mixed and  tube ferriontora,  bettor roaultc  are 

attainable when the procean atart« in fermontorrs equipp- 

ed with láixer and  the  aecond phase following growth is 

continue *> in  tube  ferment oro.   In thooe  coseo antibiotic 

yields mat  beooœo similar to  those obtained by mixed 

fcrmontorr.» 

Iool.atlcn of tetraoyciineo.  Tetracycllneo  nr« 

amphotorlr. co&poiuida and diooolve very poorly  in water 

at pH  4.0   •   'j,0.   Ui tho caoc of  low  yiold fermentation 

broth  isolation  procedures  «tart  with  extraction   by 

butanol  at  mildly  clkolino pll  values.   The   than  obtain- 

ed  extract   1M   cono-ut rated  an«i   treated  .vith   anhydrous 

methanol ik-HCl  ruaulUi^  a  crudo hy dro"h lorid-i.   A   more 

advantageous proco-a  huu  been, dovulopt'd   for the  iaolat- 

ion of  tetracycline  by neon a  of  precipitation with 

quaternary  aunaoniaa  aalta*   Uluilarly   to   tho   former 

procedura,   uftor  filtration of  tho complex aalt and. ite 

treatment with anhydrous tcethanolic hydrochloric acid, 
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tttraoyclina-hydrochlorld» la obtnintd. Following dis- 

solution of the hydrochloride and  Ita neutralisation, 

the arcphoteria fora le precipitated and aftor filtrat- 

loa a final product of good quality la gained*(Sowe»- 

days,  these procedura© muy be otrployed to obtala by- 

product! for snloal feeding») 

Today,  the following econocicul  procedura* la 

applied for the  ioolation. of ozytatracycli'- *§ fren bosrti 

of an output of 10*000 m\/iil,  1'erc untati on hro%h ortî 

filtered at  acidic pile,   thin clor if ir« J by   »   riom r/1-» 

eorbenta.   Theoo  etepa  wsra folleo.v   by  (uljcitu^ i** » pH 

to  4»0 -  bpZ,   Altor  theo« procedurali oxytcitrr.oyolvtn 

and  tolrucycllno of phornaooutlcal graûv ocn dlrocr*   *• 

be prtnipitatcC* 

Fc* animal feeding, purpoeoa the ayceltun obte?"^& 

throuch tho neutral flltrtitloa of f ornunt^-ioa 'uroii'i ¿a 

dried f»nd  oarkoioS In tulu fora0  In ITITI c      ti îor,' m¿t» 

atlon hrot-hu  am paxtlaliy  av/iporutd the:    Ui tou¿". lot 

of ft-TC'intuticr. broth in evaporated a^ainu %o dr~usc* by 

using N i ro at öL- J .a r » 

^oq^t'.-i'K •• -.••Mpoctc, Many  investigadora r&v« aiU;-*rt- 

ed to adopt ait-iobioloiilcal araJ   chemical LOrtifleatlCij 

in ths production of   tutrtxycllno-j.   Soca  r/uihyl derf.vot«» 

ivea of tetracycline!  have  ¿al no J .»ido  clinical acuit- 

ane**   Among  tho'n the  moot   lapurtant   iö  donioycllna which 

is derived from Oxytetracycline»  It la  otab2« 
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againot acids, therefore its discharge ie prolonged thus» 

it has therapoutioal advantage» 

Production of water^eoluble^baaio antibiotic« 

A. great uuiny eubstonooo with varying  chemical 

etruetoro» belong to the croup of witer*-eoluble baaio 

antibiotics.  Since thoiv laolatiua methods are rather 

eiiailu»,  they  er« ^oin^ to   be dlscuoeedt witnin thia #roup* 

The moot  important antiblotlo* of thie  group are  ?>roduo«d 

°y Str^ptomycr.-u  Their encalca!  «tructuro i¿*  built up by 

amino uu^ara,  aminocyclltolo or olt¿;opeptl4oa.  Strepto- 

mycin ie activo amaina t. Grau*-pos«ittve und   ürfjn-nef.ativä 

bacterid nnd  lo  n jrowe,-fui drug  e^ainat taborculooie» 

Antibiotics bolon:'.in¿,  xo   <Uà« neomycin ¿»roup ^noomyoJUx, 

kanaa^oäJ-« parar^«.yclis, tíftntrxii«sl^) ntrongly affect both 

öraifr-pottitÄrv anci (¿raf»Hru*#atlfA botarla* Vionycia ana 

08}>r-*i>i.î:/ciït HT«  fippljloö errclualvpiy againu* Hyc^^Hcteriu« 

tuber^»2,o?jj m,M 

Th« polynyvino; %y?Q antibiotico (polymyxin B,  co» 

15 «***!)   itr(i\jt;aiii:^ ürac-ne^ativo bactoria. 

i+ut«io antibiotics do not absorb from the gaatro~ln- 

teo*ii-'»t lr et tc   tnay h'.vu to be administrated parent- 

eral ly. 

Kur.^M.-f,, ••,!•..a o£ b> » ' ^  '••;ix,_ibjio^lgyi,i Media for the 

production oj   _::SQ»ÉSSJ}^2í  :>ÀO<i«*fcfttfi by baslo antibiotics 
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oarrtntlj ia ooaaaroi&l us* &ra genornlly based on thooe 

•odi« aatßbliohao for th« promotion of totroc^oìinaa. 

High ylaldP t*:\j ha at taint d in the aaa© of BOL«.O in- 

dividual antibiotics b^ soenr; of conttriuoua ciiroohydratff 

addition. Broduotion. Outputs ranging bot isan 

7.C00 - 10.GOO m/al in the enees of  etruptomycla end neo- 

mycin,  and 3.COO - 4*000 nß/r1 in thö c&s© of vicuyci» 

aro conaldortd. to bo ocouoaicaS.» 

Product lea of antibiotic* b&longir.s to th« ¡x>ly- 

Byxine grow-) recuirez cedía of high phor.?hata oon^ntrat- 

ic-i in Addition to inor^anla nmx>e*n Bo»ro«.  àpirt rrom 

th^^coRponv^tf) tho padiiîo cok'^a5AM aoyí^-ui «mi ï o? p*a- 

nut uoaJU  low concorri vat ic¿& of oora at<op Xiu.ao^- caá 

o<<g&nioaaUv fcydrolyc? 3 anicai protolu* Cluooue ia ucc« 

sc onar/ur eo'^o«.  antibiotic yi«LI reacia:; betrog 

8 - 12*000 It/vX ear« C).«ìKCC ti  b« aaonoflatiU 

Uioroci-fc'v&lßca oí' Ksi« crai Mot luí, «uro botavi; to ino 

oall, tharoi*Gï-9 prio.v *o pronec ^Ir«^   fovciojitaí;ion broth 

is aoUltUé to pH 2pO aad then filtarc.J no in tho öaso 

of tottäfi.yoliiiaen 

¿^^•h,lMJ^:-'^S^^^}^^ Tho aajor pxlnoir-loi! 
for th# iacïatioa of tpfiio cnti^iotle&i rxo tho follOKi&gi 

5he foTO^riy  acidifica tonacat&tioii brotîi iñ first 

filtered thoö neutralità, Tho precipitato tbua obfainaé 

la filtarod /-ala one tho clear solution io allomad to 
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fio» on a carboxyl-typ« ion-exchanß» resin of B od i tu* 

or ammonium form,  /vfter washing  the a sturai ed colwiß* 

it  is  eluted either by oquoouo or by ¡aethanoXio-HOl or 

by sulphuric acid. Thio procedure resulta in «m *** 

least tenfold incro&eo in conoantrotion. 

Por the   isolation of  various  b<i«ic antibiotic« 

the- carboxyl-type ion^xfthung« roaSn-   cartft1.^   ny dif- 

ferent firm* a*re  wd-oquat«*   However»   tho^«  ft.*»/ v*,i®% 

eome   alU[\% aif fcriince« vJ&on,t the  pro«wit« «w<tsJU*>,bX* 

in the «»< rket which nay affect «he eut&4'tUttftfc fí%%&m 

of purification» 

The isolation of antibiotico tor A***MWWhiiníC* 

prooeoB rundir«» the  exhauettioKt of coXi:*«* «utpaalty 

with a ©in. i^,;u« aocuriib ?»  nofor*  •siiiölnß on th« INS to 

the bi<- rti:.d  tri-volei.* cetiora*. - if nwcwHwary -iihouiid 

be euit&bJy r*m»\(*6 from the bx-oth*  »lue« they  &&£•!*• 

for« «ith tha ion«»x©nteaí<©» 'î"he lo»<»«xchaxi;gQ lea prop» 

eri y axiiii'Atöü  ny  oo'iUEn* aliß-^u nne aft ft ff th* Mthas* 

The firtit column, in the rtw la separated  for ertt-ttlon 

when  it   :  -    hinti no »or« tinti biotico,  fly  utilising  tlìfc 

fuit   !. lip ani »7 of   r.»j«  col unno ili tnia manner   v?nr,7 «on« 

oontJPiita*  öluütt?« tire won. 

To «vai"«  i.^-i-rXti*»»  trifore elution several pro« 

cebuea c/apxoy a «aofti/t«; with dilat« acid or Rumonltt 
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after a thorough washing with water* 

The final purifientIon »topa becoß« all tha mora 

affectiv« if the antibiotte ie in the onallest possible 

volume of e*u •:«!**• 

KerosnU-.tj.cn beere of ve*y high microbiological 

act ivi ty nay  furnish,   by aeano of  thi» ion---exchange 

techninuQ,   olu--,t«a of  mich  purity  that   th#j- »<*y   &« ¿i~ 

rectl^ ireu' -'riou aftor d«eolc>rí §'né¿  it   «ith fiiorlt  eXM 

deaciclfyljog  it  by  for« -r.?. charge.?.. 

In  the noi* t»f  im«nr íon^-at «Uoa lo?f»l« the «lu« 

ates Ruy pro*"*^^ in tha folloni»'.« «ayas 

a) Bepa&teíH loa mie h anges forninheft sufficiently puro 

ondproducü*;; 

b) Précipitailoa oí th*  olii&ta with water miecibl* 

organi e *oìv?.nK ana recryntallir-ation ray ßiva aa» 

tinfactojfV' y^gultsj 

c) Söi.e  iaoJ^vo'i fca/iie« L\ay reouiro chromatography in the 

final par i J** cation n'«..«*<0  Thij  may  be aocx>uplinhe¿ on 

ìon^exoban^<->  al un ir ^ or  act Avuto*) carbon OOIUASL; 

d) Ah*  HfiiMw orbatane : Play  b« precipitated*  from the 

eluate by auwtn« of  orfani« Bult   in eoi ubi o  in watôx- 

(naphta.1 lofuilphurlQ asía»   partcjiold)   nicy   bo  applica» 

rühe   rbsuit'inn   awut  ir.uy  ts  purified   by   rocryntallisv- 

ation and  euuaaquur 'U,   t» sulpLate oalt  is  formed. 
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For therapoutia purpose« the substance produced 

nay b« finally freeze~drie&. 

Boaearch t.ngkq_._ Por the restriction of therapeutic 

application, of the basio antibiotics there are two 

reaoonss    The therapeutic indem of the  two groupa»  neo» 

nyoin and  poly.iodn©,   though they poseeaa the »idast 

range opectr»,   ia very  lo.#.  Both antibiotic« are* ape— 

cificttXIr toxic to  the kidney,  furthornore at prolongea 

administration,  «econdur*  neurotift effect la detectan!«» 

In orde» to diecover analogue poaaentilDg leaaex 

toxic effect further exporioentol fftudiea are needed. 

Product?on of antifungal antibiotic« 

Among the antibiotic« poefceeaing antifungal prop- 

artier,  polyene antibiotics and grieeofulvla. are of the 

greatoat  ixtporHno« In clinical  thorapy» Poljone anti- 

biotic'u  nystatta*  aüphotoricin B mid candleidin are 

produit by various  strain of tHr,'^.OL£r/>-  Tn«»*« aub~ 

otano^-"*  iirovffd  to ha nff^oti*« on  local application«* 

«hile  parenteral1 y trio y   <>iulbí*í ? jûoratt» eiT^ct  onlj* 

Theoo  ontibiotto« cur« net   ab^orri**  crolly,   tt, -»ríifor-'t 

they  ur«j e/teooiToly í»ppii^  &fi*%r adsúniatrnttoa oí 

antibiotics of «tide run»a upectr« to aupprirea the amount 

of funßi  in  the  inteotiníi flora. 
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Gríseofulvin is produced by fungi belonging to the 

genlolllluti ;<roup and is  especially highly active in 

the cas« of dermatooycoeiei becaaee it accumulates In 

the epIderat«. 

Fermentation of antifonal antlblotlos.  Femontat- 

ion processo« for the production of polyens type anti- 

biotics of fl_t,roptom7çe? are vory eimiia* to thoae de- 

veloped  for other Streptooyc«:» antibiotic«,   á marked  in- 

creaa« in antibiotic yield  ie  followed after continual 

glucoa* addition.  Economic  production of nystatin araountœ 

to lü.000  ü/ol. 

The medium requirement of griseofulvin production 
bv Pwnlcillttm i e quite different.  Fermentation ie 

maintained on  a medium of  high carbohydrate but  ut  the 

same tia* low nitrogen concentration to accomplish nit- 

rogen starvation of the mlcroorganiom.   Economic grieeo- 

fulvin production amounts to 8 - 12.000 jig/ml» 

Isolât Ion o£ an ti fünf, al  ant ib5ot le*.   Aja t i fungal 

antibiotica aro oubetancoa  Insoluble  in water and bound 

to aycell.jir»  Tholr  i»olation  io  achieved  by extracting 

the   filtered   ayoellur. 

In  the  caee of polyene) type antibiotics  the  fer- 

mentation  broth  le   filtered at  pH 4,0 -   i>,0.  The filtered 

mycelium after drying  it   extracted by f&thanol or acetone. 
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To aohiev« higher activity of the extract,  the addition 

of ljf ealciumchlorids at defined wetneaa proved to be 

useful.  The extract  is evaporated in vacuum and the pre- 

cipitated antibiotic iß  »aahed and   dried  by acetone and 

apolar solvent«* 

The product obtained by thia procedure io generally 

not. further purified» ite activity dependo mainly on the 

aotivity  of   the  furtaontation. 

Polyene  antibiotico   aro axtreaely unstable and pho- 

tosensitive.  The «stability of each  compound dependo on 

the property of the  producing etra in,   the  fermentation 

technique and   the  procaes of  isolation. 

In  the  cae a* of   ¿¿rlfioofulvin the   fort&antat Jen  broth 

is   flltoretf  without   altering   ito   pH,   tho   myoeí luja ffl*j 

be drlod,   then  the  active cubatane»  io   extractad by al- 

cohol»   acetone  and   chlorinated  aolvtnta.   Aftor the 

evaporation of  the  extract, grlaeofulvin,  in  crystallina 

form  is   obtained.   By  tho aid of carbontetrachloride 

the   fata  are  reaoved  and   the  antibiotic   ie  recrjetall- 

leed  fma the  aqueoua  acetone. 

In  certain countriea the mycelium of grlaeofulvln 

producing atraino   ie  dried» ground   and  marketed, without 

further purification for veterinary practie« and foF 

anioal feeling. 
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Reaearoh taslts- The need for o uba t an o 0« with anti- 

fungal properties of faring équivalant pro aj.es in huaoa 

and aniaal therapy ta those of antibsoterlel anti- 

biotics haa becomo of c^reat importane«,  therefore fur- 

ther experimental studies in thie  field axe required» 

Production of asorolide antibiotics 

All meabora of thia group are active against peni- 

cillin resistant dra^-pcaltlvs bfioteria* Tholr aedicr-1 

ttsc decrnaooc   olnue the dlacotory oí   o^nUratio peni- 

cillins.   Moat   Important acabo»«  of  %hia  group In med'col 

applica, lono   r.ro orythroryola and   oleandomycin» 

Pora on tat '• n_.J if.,., ^ ' "* **?. * J- §JL. ' - "- ^ 1 h 1 o 11 e fi «   Masrolide 

antibiotics  aru   prauuocu  Dy   Zti '?; toaycow,   the Diedi» 

general y  applied  for this purpr    - ha< e  to  bo oiailr* 

in thiiir   chfjrH'itors  to those diocuuoed   above.  The aoo* 

economic production l«fel la rnngin& between ¿ - 4.COO 

¿ig/nl. 

leola^loa of  QBcrcHjc mil booties»  The  chooical 

property of  the aaci   15J       la  uè   follerai  Tao  amino 

sugar ctoietf   In  tht.  strutturo of   cute rol id e antibiotici 

accounts  far  thoir baule ehoracior»   tirn mac rol Id« p&rt 

linked  to  tíM  uolno ao^fij ía  lipophilic.   Baaio  prin- 

cipien  for their  isolation!  Tho  fermentation broth 



- 32 - 

filtered at pH 4*0 - %0 conta ina the major part of the 

antibiotic which  in extracted  at pH 9.0  into organic 

phase UBing oolver.te euch ao  et^ylacetato,  butylacetate 

or chlorinated  hydrocarbons  and  extracted, at  pll  5»5  in- 

to wateT.   To attain appropriato concentration, of  tht 

aqueous  phase it  io practical  to  concentrât© the  organic 

phase.  The  free  b&ülc group of the   antibiotic can be 

precipitated  at  alkaline pH then cryatallUed from tha 

organic solvents. 

Production of vitamin B^ 

Among tho  vitamin» produced  ty fermentation tech- 

niques vitamin B]2 ia of  the greatest  importance for 

clinical  ao well  ae animal  feeding  purpooea.   For  the- 

rapeutic administration cryotaUine vitamin Bl? or its 

coenzyme  form can only  be uaetf.  Tne quality  of  the 

producta aro nicrobiolofjically choolied» 

Vitamin  D12  la eynthetisod. by  a wide  ranga of 

bacteria and Streptonycote^,   Fo:mf¡rly,   rocovery  of 

vitanin  B,-  aa  by-producta of   j;ntibictic fermentation 

wae accociplii>hed,  nowadays  only  thoee of high yield are 

ueed ir   large-ocnle  industrial production, 

production  of  vitaain B*n by  fenr.entatlon prc- 

oeoBea«  The moat genorully accepted procesa for 
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vitamin fi^ production le based on the as« of strain 

of proplcmlbaoterluja aheraanll.  A fomentation tech- 

nique1 different of thoe« uaed for antibiotics is 

practized by cultivating Propionibacterium anaerob- 

ically.  Por the production of  vitamin B12 
a sodium 

including corn  eteep   liquor»   onuaoniumchlorldQ and 

glucoe« haa  been developod.   Int«rait * ont addition of 

alkaline   lo  used to  neutrulir.o  tho  large amount of 

acida for ass d  during, tho   unrMrotic procoeo.   Period- 

ically,   vigorous  tu»railon  in  tho eocond otage has  in- 

creased the ell production.   A marked   increaae  In Vi- 

tamin By2  aotlvity   lo detectable when  cohalt salts 

and   59<^~dlQothyIi>«,ri:'.iifiidfi£oJ  toro  add od) to  tho medi-im» 

It  c.^-ould   be noted   thüt  UBWí^O  ü)udge  contain  a 

utìoful amo-mt   ot   vl turn In  b^ which   ci.n  bet influoncod 

by  adding  «outo  material n rind   by   uubnoquent  anaerobia 

fermentation»   To  thoae  auaooquent   anaaroblc formentut-- 

ions  the   i ntormitt ent   addition  of   precuroorc  1.   e. 

cobalt  oalta arid   S.í.-.Jiotjthylbonülmidozol  rere  found 

to   Lo  uaoful.   Tho  economic aupocta   of   vitamin  D*« pro- 

duction ore  dtícloiv'íly ^ovarnod   by   tho  local  conditions 

and by rm^o COBta. 

Iaolotlon  if  vitamin Bi,,» The vitamin B-, -, formaci —-•—--——• » ». i ¿ i, 

in the oouru« of   fermentation, ie  retained  in the celle 

The eep«xation. of  colla  la attained by eentri fusing the 
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fermentation broth or by filtration of the gel-like 

precipitates proceedingly formed in the broth. The vi- 

tamin B12 activity  ie  released from the cell maes by 

dierupting it  by heat in the  presence of  potaasium- 

cyanlde.  After filtration B12 
ia  adsorbed by  the aid 

of  charcoal and  ion-exchange resine,  then it   is eluted 

in alcohol or ocotona  either  in mildly  alkaline or in 

mildly acidic otage depending on  the characteristics 

of the  adsorbent.   The elute thus obtained  is  evapor- 

ated  and oxtractod either  by  benzylalcohol  or  by 

phenol-chloroform mixture.   By  the  aid of  apolar solv- 

enta vitamin fl12  ie extracted into  the  aqueoua phaoo 

and  finally  it  ie  chromatographeu  on an  alumlnlumox^de 

ooluniu   By this  procedure vitamin  B12  io separated 

from the eubatancei exhibiting similar  structure,   then 

It  io  crystallized   froa the  aqufeiuü-acotone   nolution. 

The vitamin  D,2 anaïoguoc having  uirai lar effects 

end  atructures are used  for  animal   feeding   purposes. 

Microbial  transformation of aterolde 

The steroid hormone industry utilises microbial 

transformât ions   to produce hormone a and   hormone 

analogues.   Among  these  processes  the  following steps 

attained greatest importance: 
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Production of Reichs »ein'ft compound S (17 -X,21- 

•dihydroxy-~pregn~4-ezM»-3,20-dlon»)  and Reichotein 3- 

•17 ^-acetate from 3fi> ,17^-21-triliydroxypregn-5-eiie~ 

20-ona,   and fron ito ï/b> #17 oC,21-trlacetat«,  respect- 

ively,  aa well ao  the production of hydrocortiaone 

(11/J ,17 <** ,21-trlhydroxypreen-4-en«-3,20-dlone)   bj 

me an a of hydroatylation of Reiehotein's compound S o» 

Reichctein S-17-acotato.   In the caoo of the latter 

substrate thie   etep ie  followed by deacetylotion. 

Prednisolon (ll/),17o( , 21~t^lhydroJcyprQgnene-l,4- 

-diBna-3t 20-dlone)   io manufactured by the   A  -de- 

hydrogenstion  of hydrocortioone. 

Governi   procaucea woro elaborated for the  product- 

ion of   firulrotita>l ,4-dlono• }, 17-diono  from cholooterol 

or protrata rone  wMch  onnblo   the   production of   (introno. 

The  imp- rtanoo of  thuno  proceaaee,   howovor,   Jiminlehed 

lately   cince   out.rone und  contraceptive m>riitcroid 

production WUH  aolvad by  total   synthoaio.  Nevertheless» 

in total   oynthojia microbial   e tupe   are  applied   too,   for 

instan   n  i;turao-apüolfic microbial   roductlori  in the 

production  of  natural ~eotrone. 

Prcceooea  referring  to   microbial transformation of 

steroida generally arc  putontod.   Their  introduction ro- 

quirea a  steroid  industry of  high   level  since  tney   aro 

always connected with  chemical processes» 

Ü 
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Calturing of microorganisms for atorold trana— 

formation« The different ateroid  transformât Iona are 

carried out by  a great variety of bacteria and  fungi 

oelected  by a very  extenelve screening.   The micro- 

organioan contain  the   transforming  enzymes intracell- 

ular^. They are  capable  to perform very different re- 

actions.  Tho screening alma to  select etrolno perform- 

ing  the desired trana format lona with a high yield. 

Theee  strains are  ouppoced to  produco the oiaalleat 

possible quantity of  by-producta and  to  contain only 

email amounta of enzymoa which are  able  to docompoao 

tho ateroid molecule  after having accomplished: tho re- 

action in question« 

The  enzyme concentration within the coll  la  In- 

fluenced,   beaide the  inhorent characteriotica of the 

atraiiL. by  tho  culturing conditions«   In certain case« 

the  enzyme lévela may be enhanced  to a large extent 

by growing the  microorganioma in the  preoence of 

ateroida of email concentration.  The transformation 

capacity ie  determined continually in the couree of 

fermentation and the oteroid aubstrate to be converted 

la  added  at  ita maximum level  in one or oeveral 

batches«  In many cases tue oteroid   conversion ia per- 

formed by harvested  cells without any carbon eource«. 
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in order to facilitata tho isolation of steroid 

producto. 

Possibilities for etorold  sub(?t rate t< J dit ion. 

Steroid H poorly  soluble  in water aro  ad Jed  to a fer- 

mentation broth euitable  for tran oformation.  The 

addition may be performed   in two  waya:   either the 

oteroid   ia  dincolved  in organic oolvonte  (methanol, 

ethylene;,   acetone)  and   added  in thio  oolution to  the 

fermentation brota«   In this caße the  organic aoívont 

content  of the  broth influenae the  enzymatic procese. 

The ueefulneao of thia  method should   be  proved ox- 

perimontally. The other pooeibility  is,  that  the 

ntoroido  are mjcronizud in aqueouc  eolution fr in tho 

presence  of wotting  agenta and  are added to tho f au- 

mentati on oolution.   From economic viowpointc it  ia  ad- 

vent ofteoua to  apply tho  Doaolbly highest  concentration 

of aubatrate in the courro of fer:;cntotion. The optin.um 

Bubctrata concentration muy bo euiabliehed experiment- 

ally,  fono rally it may amount tc  1 rig/ml but in raro 

oaaea f¿ multiple of thia üioy bo cC"*vorted» 

In irany microbial procooeea c   r-yme  inhibitoro are 

coployed. to diminish unfavoured1« tide react ione. 

All fermentation atope  ara ch-ckod analytically» 

At the rate of maximum accumulation of the  unoful 

produce the fermentation io irva^dicJioly interrupted«  In 
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ordor to avoid undeeirable aide reactions the proceaaing 

etarta instantly. 

Procoaaing of eteroid   fermentation^ At  the  end  of 

fermentation the  eteroid depending on substrate con- 

centration and  solubility,   is either in solution or ia 

precipitated in the broth.   In the  firot  caee the fer- 

mentation broth  la  filtered and   extracted with water-im- 

miscible organic solvent.   Moot   ouitabl-j  eolvento  aro: 

ethylucotatc or mothylioobutylkotono   for ctarolda having 

many polar  group,  and   chlorinated hydrocurnono  for  loes 

polar etoroida.   After  «  pousibly  continuous extraction 

the  extract   is  evaporated   in vacuus to  drynoac.   In  Dome 

canea the  extracted  atoro id   ia   contaminated with larga 

amounts of   fatty  impurities,   originated  from the mirro, 

organic.   Thuoo  itipuritioo  may  be  removed by  extraction 

of the  aquooua  notrmnolle   oolutiun of the   evaporation 

reoidua with  petroleum other.   The oteroid   obtained  öfter 

evaporation   ie   cryutalliaod  in an organic  oolvunt.   If  in 

the  coureo  of  fomentation different  steroid  by-producta 

ara accumulated  the   purification may  be  performed by 

fractional  cryetulli/.aU on  or   chromatography,   respect- 

ively. 
In oaaea when aftor converoion. the main part of 

steroid ia precipitated in the broth, it may be filtered 

together with the cells. It is reasonable to saturata 

broth with salt before filtration to diminich the aolub- 
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ility of the steroid. The eteroid-containing cell 

raaea In dried,  extracted with  on organic solvent and 

purified as described above» 

Production of microbial enz.ymea 

Prior to  the development  of sterile fermentation 

techniques,,  all  enzyme compound« omployed  in  therapy 

were of  animal  origin.  Recently,,   a groat  number of 

digestivo- enzymoa  ore produced  by   fcnarntnt. ion  pro- 

cesaos  for therapeutical   purpor on*   in   forwent at Ion 

technology -  an  it   woo  otntod   in  the   Introduction « the 

pharmaceutical   lnduotry  can providQ the moot  ekilletí ex- 

perta»  therefore,   as fin  additional  advantage? pharma- 

ceutical   industry producers cnzymoH  in largor-ocal«? 

volume ci  by various  femur tat Í on techniques  for otr.c-r in- 

dustries  un well  (food,   dotergent»   leather,,   textile and 

paper industries)» 

For enzyme, production o¡ grout variety of bacteria 

and  fungi  furnishing high yields arc uaed and  enzymes 

of  tho greatest   induotrinl   internet  are the extracell- 

ular producto  oí   th-ií'C microorgut tama. 

Presently,   enzyme e  produced   for commercial scr.Jft 

aro  the  following;   with   the  nidi of  bacteria,   rv-amylasa, 

neutral and  alkaline protease  (alkalise)  and  lipase» 

Enzymen  produced by f ungí x   of— amylase,  amyloglucosidaee» 
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proteaaa, lipr.ea,  cellulaaa, hemic el lula»« and pectinaae. 

y«xtn»at n*«22.J^fg.BJLg-i0r the  Proauction of  en" 

ÄSÄ^A Uicroorganieme uaed for the production of the 

above Meted  enzyooo aro producod in feriamtora under 

uterile condition» employed for  antibiotic fermentation 

proceRF,e&.  The corapoültlon of sedia iß  markedly differ- 

ont  in the enfia of voriouo nioroorganiuma. Butrienta 

used for optinuxa production muot be  empirically 0£> 

tabMnhed for oach microbial ayetwa.   In the  first  phase 

follo;-irg inoculation  the  microorganieoa attain  ra- 

pid)^ auffidont growth,   in tho  aoeond phae«  following 

growth the  bSoayutheoia of the  extraoollularly produced 

enzyr-*v dove!opn» 

After baling achieved Eaxi&u«i enzyrae. lévelo*  micro- 

bial   celia ti.     íIoperato* froa tho  cash by filtration in 

thr  CM.BO of  lungi or by centri\*cation  in the ce.ue of 

bttctoriol  fcrr:»m^ticiAc» 

fjlVy,Ho-t   Ut?.-o  tho rriï'.yiTio arc protein-llï:o  compound», 

^riiïc-duifeT íU i'irnlly viaá for  protein purification may 

bo fi^op'T'i  l>** cnaytae rocoveiy. ïfcey aro J;?ìOV> tiid al- 

kalino-JtibU--  unbri-un<r»s, generally oonoitiva to  heat. 

Mott  enr-vm of  r.nduBtricl  Anporcnnoi? &re renovoi-èd 

ei'hor t,r pt^.flt-t-'^. or b? .Urorptiozi technique. The 

obtali'*¿ ífcrr  ntnt'Mi broth is concentrato^ by evnpor» 
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Hting it with vacuum«  From the thus obtained eolation 

the enzyme Iß  fractionally precipitated», while cool Inf • 

by  tho aid of  anraoniiuMulphate or organic oolvonto (me- 

thanol,   ethanot and  acetone)  at pus of  opticiur. otaMV- 

ity*  Tho   obtained  dried prtoipitato can directly   be 

ueed for  industrial  purpoeoa.  Cotnponen.ta  for thera- 

peutic une uuat  be axpoood to   further purification, 

Tho   other profouoin/ï  possibility   lo  an   foHowa: 

To   the  fMtorfld   f t.- raen tat 1 « i. bruta   IJLì   'ii'corconL. 

capable  to  hlr,'',  protein   la   ndiod.   After  filtration the 

ndoorbed  protein  Í :   olutud  by m  aqucou.e ualt  :;olutU>r. 

of defined   coiicen trnt 1  n  MH j  pii  vnlu-;.   Where ea::yaon 

of hif^i purity are  required tho concentrated üluat** 

day be eubjectod to  furtmijr fractional  precipitation« 

Marketlafi of  by-producta 

The different preceeeoa of the fermentation In- 

dustry furnlah «everal  by -»producta utilisable as  feoci" 

otuftio  Thua  In setting   up  tho plant»   tho »ala of thopo 

by-prodticta nuet   bo  immediately provided   foy»  The 

largest  amount of   theeo  by- pn Uucto  1/s   furai« h fid by the 

filtere*«',  oeil mass,  which   t-ont alna «-   in  the  cau«  of 

antibiotic fercentutior*o •» appreciable ano un ta of  toa 

respect IT «s antibiotico,  a variety of  vitamins (from the 
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Tltaains the quantity of *lta«in B12 has to be taken 

mainly into conn id er at i on) and very raluabl« proteina. 

It is deeirabl« to provide facilities  for the dryin« 

of theee by-product* and, -  conoiderir3  ito  BCUTì ma- 

terial content - for  ita application  HO  feedstuff* 

The   antibiótico «h leu  hnv*  pro-rod  to  be uoofal as 

feedatuffo  arei   penicillin,   tetraoyclir.ee,   furthermore) 

the   hy-proluoto  "f   ;it'.mln. B12t   - production«  otharwia« 

unfitted   for  human clinical purpoee« - aay alao  ba 

utilized  ulrailarly. 

Bconoalo pepeóte of the major 

foraentnwlon procoaaog 

The production coot üevelopedfc after the ooaetruct- 

ion of  the  fermentation pluit   io   Influenced to  a hi&h 

degre« be«ld&i technological   puruuetorw  (fermentation 

iroluma,   output of  procooooo  o.nployo<l,  concentration of 

ueeful  producto  at  the end of   forcontation),   by   local 

raw mater ini,  employment condition»,  UB much as  ta*- 

and cuutocs-regulations of  the  reopocUve otutta.  F*aed 

on theee,   informative economic colculationo may  be 

nocompliohod.  which are to   b« dononetrated in tho oaee 

of one  of  the coat important  antibiotic.}   tetracycline 

or oxytetracyclic«» 
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In oui the proposte 200 torn fermentation pit .,î 

manufacturée exclusively tetracycline«,  the following 

output nay be expected in one year.  At continuous fvr- 

Dentations 330 working days say  be calculated,  thui«  th# 

production hour©  amount  to  7,920 hr/yeair»  A uingle :%>?^ 

mentation period  last« for   Ü0 hr,   theoretically rj2 

batch*)« may  be  expected In  each   feroor.top.  Coneldei in<; 

the  diff«rent technical   11ffl,ultia«   H   t^fiì   of 4b 

batch*«« may  be  calculated   for»   w.Moh  oaeane 45   i 200  cu 

a«   i«   e« 9»000  cu.m.   If  average  ferment at icn  yield   ii* 

12.000  u^/ol arid   the  output  o mo un ta   to 70?',   tue  pi»," ; 

may manufactura 7j,h   tono of  tetracycline,.   Ite appro   i- 

oate world  m«trkot  price iu   50  do liara,   than the prod-r-* 

ion value a»ay  amount   to   ¿,I:GB,Cüü  do Ilare. 

I'VvL;'j 1*T''.^.-i- \?AllS.±J-.''JL.c..°'5V>_ Calculated- for on« 

cubic note* t'erraentation  broth i 

*ow alteri el  (culturo andla and 

procer-ln#   conte; 45*00 doliteli 

aalax3«K,   10  iura 1  Jf/hir 30»00 * 

pwe* (700  k-7h,  0,05 #AWh) 21.00 * 

ateten,  3tó  ton« 5.70 • 

wot or ISO  cu.m*  (0,04 jf/oiwa») 6.24 * 

tot al I lOñ/if^on r,; ;t 

(Salarian, electric power, etesa and water coneuantlon 

wae calculate» from the data of the second part.^ 
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In the oamm of an output of 70jt, 8,40 kg tetrm- 

oyolln« Bey be in one cubia meter fermentation broth« 

Thui  the production  coet of one kg product amount« to 

12.60 dollar«. 

Overhead expenaoa assumed to be ot 25g»  furthcrmo*«., 

amortization and  the  various tajum have  to be cdded to 

thia valu«« 

The  dota of  the  etudy prove that   50* of the  overall 

prie« of  fermentation produot are enor^y,   power and etv~ 

lory expenao«.  Thir»   is a comparatively   canotant  vhlue 

and  Independent of   tho quality of thn   » rojjct.   The coat 

of raw cm to ri'ilo depending  on   the  prodivt ion  techniques 

haa comparatively   little  Infi, enee  ov*>r   the  er,t»»bl irhe j 

price.   It  itay vary  between  40  - 00  $ pro   fermenU*tic£  la 

%h*s  production  of   a  ¿ireat   variety  of   eubntancen. 

Bfìcietf upon  tho abov« data,  Tallo  2,   oumcarUeii  the prico 

of penicillin G,   atroptomycin  and   vitamin  B. 0 compared} 

to tetracycline  und   to world market prlcee.   (Table 2.   Is 

to be  found  In  tho   addendum.) 

(It ir to be noted that beoaum« of the anaorob for- 

mentation t-.oci nique, vitamin B]2 ha e extremely low powar 

requiradenti  10ü  kffh/cu.m.   wae  calculate*.) 

The   above écheme may  be   applied to   the  calculation 

of production, coet   of  any  antibiotic.  So great ale take 

ìM conuittad if  100    •  130 dollara/cu.m.   coal  le calcul» 
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ated for a feroentation period  of 140 hre. 

The decrete of feraient at ion period   followed by 

the eicuïtwitvuun diminishing of poweir requirement can 

cormt^reblj  reduce the  production, cost of  antibiotic 

pro'Juc^d in otití cubic meter. 

/ 
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Addandua 

fable 1, 

Important products of pharmaceutical industry 

Groupa of products Name Date of 
discovery 

Co ausente 

A#   Antibigtic« 

I»   Antibiotics  active 
againat  G raiaH-po- 
sitive   bacteria 

1. Penicillin and 
cephalooporine 
derivative« Penici 11 tn-0 

Penicillln-Y 

6— aminopenlcil- 
lonic acid 

1929      potaaalum salt, 
prloet 18 aT/Po'i 
used   for arTî"I¡Tü 1 
feeding 

1948       potaaaium jj-lt» 
priem   ;'0 $/: ì x 

I960       produced  of r «ni^ 
cillin-G,   bti-lc 
proauct  of íí^Bí- 
Bynthetlo peni- 
cilline 

Methldllln I960 
Naficillin 1965 
Oxacillin 1961 
Cloxacillin 1961 
Dicloxacillin 1965 
Ampicillin 1960 it  has wide-range 

spectrum 
Carbonici]lin 1967 *                         N 

Cephalosporin 0 19->6 
Ccphaloaoorlaine 1961 
Cephqlotin 1962 
Cephalexin 1968 



- 47 - 

Groupa of produota 

2. Macrolidea 

3» OíUx 
antibiotico 

II.   Antibiotico with 
wide-range apeetrum 
1. Totracyolinee 

2. ?/atoPH50lublo 
bealo anti- 
biotici 

III. 
Antibiotico active 
againat Gram-n er- 
gativo bacteria 

IV.  Antibiotici? active 
n^ainot TB bacteria 

Nane Dato  of 
discovery 

Commonta 

Erythromycin 1952 
Oleandomycin 1954! 
GarbüDiycit. 1952 
Lcucomycjt 1953 
Spiramyoit. 1954 

Novobiocin 1955 
Vancomycin 1956 
Llncomycin 1962 
Chlorlineoinyein 1967 
Fuuidic  acid 1962 
Pristinomyoin i960 

Chlortetracycline      1948 

Prlcg 180 sT/kfl. 

Oxytetracycline 
Tetracycline 
Dcmothylch)or- 
tot ra^ycline 

¿Sothacyclino 
DoxaeyellnC! 

1950 
1953 

1956 

ueed for 
feeding 
Prie o 7>0 

ìF 

animai 

StroptomyoJn and 
Dihydroatroptomycin 1944 
Neomycin 1949 
Paromomycin 1958 
Kananiycin 1959 
Gentamicin 1953 

Prie» 

Polymyxin B 
Coliotin 

Viomycin 
Cap roomy ein 
Cyclonerine 
Rifumyeiuà 

1947 
1950 

1951 
1962 
1954 

Prire 220 ff/kg 
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Groupa of producta Hamo Date of Coaaente 
discovery 

V» Antifungal anti- 
biotics Nyetat lu 1951 Prio« 53 */Bou 

Amphotericin B 1956 
Candiel din 1953 
Trichomycin 1952 
H amyein 1960 
Grieeofulvin 1939,1958 Prie* 99 H/*&ì 

VI. Ant1 carcinogen 
antibiotica Actinomycin D 1953 

Mitomycin G 1956 
Chroaomycin A» 
Olivomycin 

1958 
1962 

Streptnnigrin 1960 
Daunomyein 1965 
Bleomycin 1965 

IX. Antiblotleg 
applied locally Tyrothrlcitt 1939 

Gramicidin 1939 
Xanthocillin 1953 

Vili.Antibiotica 
applied for other 
purpooea 

1« Animal foodinga 

2, Plant protect- 
ing agente 

Bacitracin 
Moenomycin 

Blaaticldin 
Celiac id in 
Polyoxln 

1945 
1964 

1958 
1958 
1966 

3* Food-induetrial 
preaarvativea 

4«   Antlbiot.lce used 
for otheir 
purpoeies 

NlQln 
Subtllin 
Tyloain 

Kygromycin fi 

1946 
1946 
1961 

1958 
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Groups of producte Ham« Date of 
discovery 

Comments 

£• Vitamina Vitamin B 12 

Vitamin fl2 

Oibberslllo acid 

!949    £rice or  cryat- 
ÏDlSfLXÎÎ»AWÏiÎ 

C* Compounds produced 

Hydrocortisone 
ïrednieolonç 

1952 
1?55 

D. Enavraea 
••— iiM,i<nMu..i«> -mam Protease". 

Amylase« 
Amylogluoaaidaae 
Lipuueo 
Gellulaee 
Hetnicel luíase 
Pootinaoc 
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Table ?» 

Cost of production in the esa* of moat Important 

antibiotics and vitamin B^ 

JW/iül i 

Fermentation Coot of on« Arcoimt  of Product- 
Product level ou»cubro th i yol at«ô iosa 

in 0 it l HV> BUhíitfjrxOéj/ 
OOüt mentation CUfljr.e 

torta in (with a 
140 hr 70/ 

yi«ld) 

Oxytotrptcycllue 
or tetracycline 12.000 jug/a* 106» 8.4 % IP. .61 tfAfi» 

Ponici lìin-O 
pofciiUöiuuri Holt 15.000 U/BÏ 130 10,5 BM3 2.38 tf/Boti 

Pen'cUIi*» V 
poVa'iíUua ísvXt 12.000 Ü/nl 130 8.4 "    15.47 tf/üou 

Streptomycin 
10*000 n^/ral 

lieov;y<vta bao« B.QOO fkg/«aJL 

110 

110 

7.0 k* 15.71 #Ag 

5.6 •»'   19.6< #Aè> 

Jiryt-.iironycJ.n. 
brt'»« 3.000 /i^/el 140 2.1 v¿ 6t"o70 #AG 

Nyctrtln. 10.000 UA»I 140 7.0  B>i £0»00 tf/Bon 

Vit onin B 12 30 jkifi/ul 60 20 J 3.00 &'.:* 

•    Production »ioe¿t of  vitamin B^p ^y c.u<jjL¿orab.ty bá reduced in 
easily raali^fttJuí V,v^í«y volt-:x^% «A¿d   by í*i£.plJifyíz¿¿ f <>>;•;mt- 

bt.ion t eolmi quo* 
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