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FACTORS AFFECTING
MICROBIAL SPOILAGE OF PHARMACEUTICALS
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Microbial spoilage means contamination of pharmaceutical formulations, and due to this
there are some changes in physical and chemical properties of product.

The product gets contaminate due to various reasons like

Accidentally exposure to the environment
Improper storage conditions
Inadequate preparation or formulation

Improper sterilization
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Nutritional factors:

Presence of nutritional material enable or favours microorganisms to utilize these
nutritional material as energy source and proliferate over pharmaceutical products.

In any formulation the presence of vegetable/herbal extract or animal tissue or
tissue extract provides nutritional support to microbial cells.

Demineralized water (prepare by ion exchange method) also contain some nutritional
material which support the growth of Pseudomonas bacteria.

More complex formulation (a formulation that contain wide variety of substances)
are more supportive for microbial growth.
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Moisture Content (Water activity):

Microorganism readily need water or moisture to grow. The presence of un-
complexed water in any formulation supports microbial growth. Greater the
salute concentration, lower the water activity.

When solutes dissolved in water they form hydrogen and other bonds with water
and form complexed water, the free or unbonded water molecules are termed as
uncomplexed water, and this uncomplexed water supports microbial growth.
Water activity is a measurement of amount of uncomplexed water. If water activity
is high, then the uncomplexed water content is also high

Condensed water film sometime accumulate over some dry pharmaceutical
formulations like tablets or oils due to the storage in humid atmosphere, supports
fungal i.e. A. glaucus and yeast growth.
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Redox potential :

The oxidization-reduction or the Redox potential is defined as the ratio of the total
oxidizing (electron accepting) power to the total reduction (electron donating
power of substances.), or in more easy way it’s a property of any chemical to give
or accept electrons.

microbial growth in any environment is influenced by its oxidation reduction
balance i.e. redox reactions. Electron transfer is major factor for energy
production. If the oxygen is present in any formulation, or if there is any
compound that have high redox potential, then this condition favours microbial
growth, if any product gets infected by microbial cell.
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Packaging material and packaging Design

Packaging can have major influence on microbial contamination and spoilage of
pharmaceuticals. Multi dose containers are more affected by microbial
contamination because they are again and again exposed to environment when
the drug is withdrawn from container.

Wide opening mouth containers that contain formulations of vegetable oils,

protein, vitamin, animal extracts, are readily contaminated as they provide
large surface area exposure to the environment.
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Storage Temperature

The Pharmaceutical formulations can affected by microbial cell between the
temperature range of -20°C - 60°C. below -20°C almost no microbial contamination
is observed and the same as above 60°C, microbial growth supressed. The reason

for that is inactivation and denaturation of cellular enzymes, which responsible for
cell metabolic activities.
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pH of Pharmaceutical formulations

pH is represented as the potential of hydrogen ions. Some bacterial cells are grown better in
Acidic medium and some are in basic medium, this happens because in their favourable pH
the enzymes of bacterial cells are more active to perform their metabolic activities.

Some preparations of pH around 5-6 favours growth of moulds but inhibit bacterial growth.

Some preparations having pH of 3-4 favours growth of moulds and yeast, i.e. fruit juice
flavoured syrups

some preparations of neutral pH like mouthwashes, distilled water, antacid preparations are
contaminated by bacterial cells i.e. pseudomonas spp.

Basic pH formulations inhibit bacterial growth, i.e. magnesium and aluminium hydroxide gel etc.
Sometime primary fungal growth occurs in any product, these fungal cell metabolize the

chemicals and Produce acids and raise the pH of formulations and favours secondary bacterial
growth.

Scanned by CamScanner



MzoRo 8.LOL0017'

[ )
——

T

. #\SQ(LWQ\S__QQ& -L-ypes o_;[, m:c;G‘ObG"Q C',on{-&mmon_&o

—_—

% xSowmes | oL‘ Cm’)—éampma—Hm) —

-— ~'

COn+am1maﬂ4s Can .\7&1“ Q’nHV lﬂ-,QSQLr@fo'
.--A_‘/n“oe@uobon__af@oess (Seea - —'PS\O: CLC,){H'V‘\
——Soutcls _Such__as IDQJS‘SOnD@( - /300 T
desfyn, Tncoming eoklaton S5s
_JDQQBLD_Q'S‘y and o+thet ui "DQ’O 7ms>ec(

;\,u 1
H“P'&OCQUC:HOT)_g_*-QCt (/Q__d‘ﬂaf@‘slak CWCQ S 7—
Mmoot c..Q_ “p_@'/to_ X 'nY mft"@-”ﬂ"@& .
; J<

/ Mics0 v
[ Contamimotion)

Scanned by CamScanh“éf



e
e

i ,;,:5' 0\*\ B e

,///7 , P 0,"@%_07) ne , L\\\ e _T_———-—p—*-'—:_ﬂ—-————-—w—
-~ = \\_‘"""“_“_NM — e )
PQ':S“SOB'TD e I o J;) Oﬁ | ———

UDO'@R& -(—o " lcml«;é?_\% B
_Ase 19@, a'G\Q, Fos™U
m /144(1, Q€ 'ng thge, PMO’?Q, 781&71@,@5

0 Com+tom;
% feiacwqiﬂ o; R th, ~~—f3‘woms\M&o_Q,u+lwﬁ

P S S =

S
e —

e —

o1 “The %ons O Contord a%"o@,ﬁ_,ﬁ?f_h_’@,_’i _

T 4he pewsomgel © '
LQC«LO:{ ‘@u*ﬂ L), R ___ —

S S
,_,_~

_ :D,fs-zcj Contact b/ o iho many Pé;{é&&%éﬁm
/%Om OQWF' é 6+0m+mq Mcwre:& N o
,EG‘lMc‘”@V 200 .-nq Umatested &
- f Q_QQJ.
ftesrd OT bull L/DWCQMC/,JLL—__WM

- ﬁ}ézﬂgdm@ ot & 14, ?na/pszp@ﬁ cleornv v es
- TMpOpes petie mnel Clantimess

S Buiding and Lactlity = I
0 = =7 o

“.'_k_ﬂ)—_@/_._#_;b_u‘il_dﬁf%_s__ and _mamn umd—w@; caYe
 daeltMex U oo, adso 00@—6‘@) hut+o{J —Eo

4he,  contaMimodthe.

————

_+ The ™M™ ma50ﬂs 01 Contomindton due

4o :Pac' Pagues neludde —

T —————.

" Ro%?h ?omﬂg,rcoau\s cmdf ce|b\7

e b e A e i R i

hx Lgcl( 05(_ CUT .:f,(-’;FQ;'S‘Q‘LfOﬂ QSK/S&H-_J_,

]
Unach_ uate. was.’?'”?  cleantn o toilet and lock:

L_ '%CLC.I |

TS .

Scanned by CamScanner



~% eq u,tpMemLs o - e

—o e QJ/;UJPMQB’)%_ Clﬂcﬂ U‘L—QDS(LS U‘SQCﬁ L .

P’TS‘OC‘.Q‘S‘SIT? Boloﬂ;n 9 —{fmﬂs 0:5’75“"” , omo@ o
the CoMMO™ Souce. Pat

loac\'eam _05]6:9:____ J-, I
(jphan\ﬂaceu%cw( CO‘”‘&M””C‘ Ot

& /KQ,“_’;{QB’) @éoﬁr}gm—%—g\— ACOT)’\L‘Q“C'L"B:)Q'HOD ;Ith r
+ho Qc)u.{pHQﬂ'I:S maolwddee

o fM |3'6’OPQF6\ clean ' Q QﬂCﬁ LSqnl‘hz,a-l-z O oo
t ! U IR
~ use 0;, __oﬂe;ec{v%e/ %72”9/“{_4- St

— TInDTOPLT calib~cod0n 07 QQ/UJPMQT)‘}ZS

v Ha-f—?:s?o.o/isg S

e a0 Motesials used gon production
can be poten+tiod Sousre, 0oy ContarEnaton

¢ TThe. _mMaun._ Teasons. ..5:71.0.’6‘.___..(10 nto. m r ncd—r ok » }m;q
+he. TOLLD ™~ Q-!-Q"&‘:OJ [ nelu (ﬂ I RS

= D?, 'ﬁncﬁa%on. :]:mM QiCI/JoSufe, —(-o e,;c_c‘@.gslu

—_envfkonmented condilong . Such_as heo{*
Cﬁld ___._Ss,.u.ﬂ&j})—@_,___mo;ﬁ-{-um e,]LC

- diweyn _ond Sendly: - OGRS CW '02'7'

S mix —ups

Scanned by CamScanner



§ -
T, 205 o —
“ﬁ(, Z{.ﬁ_@_ . -7—\-05710;@0}3 &d~-60n-éa,tru?®.a-&10ﬂ o
t ) ~Micsobla) C@n-Ea ~inodfon
- T —
r /"——_—M‘“
D TRet Qon—kwmq-f R “““‘*‘“"”*:(m erS‘Qc—b Contaru ﬂCl" i

/ Rateo f
[I?L ma’{'Q—"@lO\.@ Q"G‘Q, R 1 o0 QSQ, u_ﬂQOLL(B'G’Cl‘Fe,'

ot oo& o , ol ok
et Sliny ”c?\\@;w/wenﬁ_o;f‘_éf% +o

&UOQQOQM‘YQ' e 0 NNt U [)HCV\MQ%"

ﬁ\ Tt TR
n Cfbr)-{—a,«un&mol\;] . 3

;
g
{
- _—;—_—W l |

\Jé? C.Ql CJ’\QJ*—UQQ] @l(‘)foﬁ COJ} p/,ydic,a,( CAQ]L.LI Qa,f 8/O(C7 Q_G.Q
/ v otal / vcmoua,) 2 j, J 2
—pa@he&——r»wmte—jws—m’ftmm \ M@f ) Jeistu S palesobed,

A

V . o e
L duwe 4o ENnN¥0On - )
T 5 L nJI-,__-kq.ut_-P,Q?’Pg\’
o [
by nistoke Toessposais/ — HEINEY v ﬁ‘;,@f,h
. 3 8.4 ! . MO8 e, M=

Scanned by CamScanner



Ztl: AS‘SQAS-SHQ-U'& oP 7}.{:&@0&,@1* COMﬁmlﬂa'{’lDI) \*

..—

a_nJ <5/90r %96“ Ll

._>. Pbyé:c_ai amﬂ OI)Q.MIQ@..,Q _(’})0127‘25 3

e Tt e -H)e,y,ck(m X % obﬁemﬂ%
_MPBG'S‘M&Q.Qu-‘:LQaﬂ _H__:I,cmMula-hom mcg.x +0,
—_mfevobiod  contamimadion and ‘9{’30 J &>

asi C/'\amqe. k8 xhscocs.—h,, pH WV_GMU)SIO'D 65’4‘@5 L"Lv

and U toss oF sufzcleg aa—v—wd—y O:{, Lo_:zs‘_:xafqéa+
mdiecates micwoblol Spof c@_e_,/ R

> Measusedent 01 ©xygen COﬂcS&LﬁPHCm d)-‘;f- "7"@
peoduct can Pndled¥e the degree o1
oxidatve aHack and miex bal Cj’mff\)*}% .

. S

LS W

—y 3+Q’6‘?(f'+7"7%+: VRN el

TTes+ing  which - co«ni.m{s that psoductc ose

:tr.«-zs‘ee, (:[_mm +he - Pﬁ‘ecsence_ o1 \habﬁL m,mmdqmﬂéﬁ;

e cloim 10 be Steglle o 752 Hwor \hmb&i—

me'ﬁ‘Oﬂmgj omach i N i e

e Togt Pa_ conducted _Con e,+eﬂ+ Cand
i Q)O/:foé_heeqo [De"S‘Soan/7 M om cxc(czlo/ua-%e
clean TOOM  WOith (Qm:'ﬂa“@ 1’0"0 Ccabinét
__yacr| &"-/1 88s ‘

__f ‘q” ’ﬂjedableé O“Cp OP"HOJMC, pmpqmﬁOﬂj a'aw_

6+ef,|e honce , +hose [)'FQPC\“S‘Q-I—\@n ate Jected gy
+he (S+Q.T!(J7 +est |

Scanned by CamScannef



———— _ w_ _
e ————— I —

1 S/Fp --P"TQ‘S;QWQ’HO“’J——- 0P  Phasn _g_c;ft.x;(ﬂac,o /,A__.‘pns,‘o_du &

U9 Antinicsobial”  AGents

——

"/./ _,QJJQEH.Q_QQLL-EEC‘&Q“{QQQ, asahon  0F foemu tations

—

~__ase *he pepatecl g ginfshed dpsage

_—

’//5&,0_'@1\46 thot  con_be aduinfstesed “thtough
— Jasibus  Toutes. ‘ 9,

g~ .
. PhatMacRuticaly  algo contan +he AP
Chche. phosmoceutical Inovedients),
tkese ate  +he chenyeod () imgeedie nis
QSQOQ 10 poenate ,/Dba'é‘r»(a%/@u#’
— doscage.  zoses.
,..————"—""_"(/ /

moﬂ‘{g'@ob;aj agents ase -the COMpo uﬁzC@__,oj_m
| +hat bhag orobehes  to Ll the miesobiol

 cell ox  iohibit  +ho /9"6‘060% oL
~ miesobiad cels. i L

. pharmaceuttal _producks ave presesved by -
addikion 01 many FypeS O3 aniiHictob ol

| ogenss Calone b7 o colibration)

[+ poniewiial_ggeris beimy odded fo avy
B oiciocouicol” pieparaitn 8 pERlEmiikid
tho. deus degsodation and impsove

s srobility _shely Uye and  Eqgicacy.

Scanned by CamScanner



T2 any deolaniiescbiadaqeot Shouid
have :(.ouo,,omﬁ ,o@olgg@h"egg

Mafntade g4 QQ-l—rvm>' fhfouahou_% +the  Shely
'%& °1 peoduct | A R o

v~ fdo-t— —zrec@—t | w‘.’% —H{e,_ pq——a"%":e: %Qf&[ﬁu**@ . \
d’ﬁ‘QCQtQﬂ@ COM(goanLA -— »«»lj;_

= &K‘Q’S'{- _CO:cQQ ‘:éﬁgc;{-sq,q aL';ﬁ-Ecr_*-*l_ t@mbr;jac'ﬁvl?y R 5
- (0»0 ) Coneen+-sation. '

- Mo+ _fRaat  copth +he.  Contoumess oO% -—-“\5_
——PaQk ID J‘MOH—Q:G ol ‘-—\’
—Foenmulokow Rea80m o oﬂ& Aﬁ%u?mmb ar
‘ o Went W
_ Endlglon usualy antiMiesobiaf a@gaentg
-  concohtsotiedl  © I a 4o pha&f_
— _ &Ince +h?s 5 +he Phase whqm

o bchJeraJ el Qﬁm «m.,o

' Of%ml'\;? - T+ I8 ,Dmpm i "n_Tcu e

7‘4_4____c:9n+0u'6_1_Q*S ,,3;.,9,q BE U (J_QQ -Hw«;}z, we

—~Bf_.g—]3:)__lf_kgﬁ U:ﬂ O‘J’B\ & O St |

- wﬂ’}'aklf?‘)a-\—eﬁ il d '{’ E

ofnknents ThiS  poepP® a0 prosent 'm*“'
| LQQM" Sol'd ;f,o-g‘M LDL\JQF) PSSR -

efesel Con-tant! ncwacf 67; u..sm(j

ous :,Lf 0.

 paentesol  Dus to wepeactedly T yge e év’réb“*‘";,
4// \’/ 0+ Q_DT'\'FCLW!nQJ{[QA e

Fatls why Ve wsa Aﬂ%mum!moi Acd—g"ﬂ:l .

Scanned by CamScanner




—_————————
—————— —_—

—

[ {fD’D‘Mu{GJ—fO—r) R ‘ An-}-,Hrc;S‘Obchﬂ @%{_ ——
ool * Methyl ) eth opy! s pasobane
. o) 3 p’n‘
_ Pfefc“m’m“ — Ot*naQCj—H)ews\ c,ombrnlr% o,
___* Sodiun benzpate. _

S \SOfbrc,_k_ac.cp{‘ ,PMSS’OL‘M Sosba+te .
_Tepleal Benzalkoniun chlecide .
P.-A-pp:/ag;ﬁ?in-on -@e +honLqM_-c.HJo~che o
_-,____*2\3___ _ﬂﬂ P@QP pa@&baﬂe
I Omfi +hel c.0 Mb?ﬂa%gnm*__ |
- ~ chlovorsesol .

Pasentersal © Benzyl aleohol ,

> Chlombu-[—omol )

) e metht 127 P"’OBVQ pambang J
__and Combinratom._

BQn?o,c, acid | Ccosbrc acid

___.C)Ff;____[}i_ Qn; c_omuﬂ chlosrda

Qn o ¢ ac_._t?SocﬁjuM bQﬂ oq—&:

. MI&U"SQO\
o er '-Sthr&tﬂQ

Scanned by CamScanner



R

HE_Evolugtion. Of  Micwobial 6+aé?u'47 of Fosnulath..

D ugs  oF APIg CAchve, Phas MCLC_QU%OCCIJQ
:j?j QCQ;OJH‘S ase &Jeo&ed’ b '*-la'”/" - O*C—'TOBS
Like,  +any B L: ht, H_, A u ot et .
Due +o - Mamy, @.71_ "H\QSQ— :ILQC,‘{‘OT dsu
Co tnO_Q'ﬁ"Fm H ohahy % cﬂ@i«?mcﬂg& At f@j
EM.@%"F’Y“@ e 0?" a:z—7Lec+ Lsu Stabi b
Ve SO =Hng, cQ—suqS Q+aby ‘h,, 6+uc9 SRR .
qLSO‘d) o rEVOCUdJM] +he / m%ofwa—hcm about
- e Houo TN U a:\,fOu’zS‘)—}- hola) escen e 31{—

_ dsug 7, deﬁmcﬂeoﬂ at 6/5904740, e [9_9’76_\_’.94 :

o MO%‘MO{L[V--&-SL(C«} OQMPOUT)CQJ) 0’5‘ APZc . s .
aced /m tshelves dﬂolQnS‘ "nof@r\mﬁ 5—40@37@‘

N COﬂoE—bg_n\g {O’lﬂ(j@:@ —HMQ_, GLU'G\Q'\LtO’tﬂ
qnoO ot __ulg_fx_slg_qé_T RN :—n—%e-xsw'als, +hen
__+h9 B deug o chemenl P4 evaluodod F0€

&‘Udf @u‘__jb_@se, Knd f_} Steb: LE’T\: evalya L on

mQA—HocQs ase MUC‘J\ + rieo /Qonsumn

. Qﬂca d)O’I’)Q - ;-n /O’ﬂ?g—@ V—I-f.\.{e, &UTQ"L‘O‘U)S 67 s

Scanned by CamScanner



% Stab cr7. |

on e basts oy

R

S
-

o
e e——.

e

SR

———

T
s = 63 x5
.y 612 Monit

s precelesaid —> Gronth

Lo\r;z(j Lo —> :»Lcm(y AZ//DOA odeohels

—5 poiial phasratautica] producks

_phamsmacutiead /pﬁ“@oQ%ﬁ

: -@_i Noo M&uy
uce

[ > 1108

~—- i—fh/;z\‘f%ﬁ‘fﬁeh(—%———kb-e,— &:&&75 O-5-
Q

1 Oh@’“iﬁcqgs e lsla cod n Steoss zul ‘*‘
L_——h——-cfmggmooh LFe  High Jemp, pH , (Fght
' c onse L an cﬁ I iy 050 d?-}—Q"@U&@L{ 5 B

SHob ' Uh, T8 evaluafed . -

- / e S e S Mares
L srabiPH Pwantions for ovaWation.
| phygedl eslows, dous, kaste pasiiele
L S 6%&.?_&%’_41'1’6,“_PO‘Q?”‘F .
| cherd _cone. o3 acke compound,
2 - &Emcﬂa%om3 dsuq excipient <k?
L S o (7@ ada+on 03 presesvativex

- degsadation 04 product o
foemulaton due. 0 micsobiod
CondaMination -

Scanned by CamScanner



f .
_gx (footh Of Anidal cel fn  cultuse o

A Anipol cel catbwe~

A . oo o

&S Hhe c,uthvan—,on 04_ aMny animal celUs,

out zwsom +the. body (- \;,H\oj by
DTOV*CQJ"OO +he eels woith o /Lsu?—%abm

Q_ﬂ\I‘t“G‘oY\p-{\/gn{- and fzfeim"m@,(ﬂ N Ut rentz .

. Aminal  ceU cultute ma be ch:{,.»neoQ

- "TC}IQ% oL ce,u_c,ul-mm

* ceoll culduwre s clasarizled indto thsee

1 pTI‘L{OL’S‘;/ cel  cultuse

- Adhesent cod culbuse
- Sdusponsion oeU cul+uso

(> Secomn oQVQ celd Cul-l—u-s*@_,

T _cel Wne
- Phite ced Une T T
— conkauous ceU Gme. THES
M_:,>_%,,}m used o anfual cell caifuee’
© T uboton. e celt #eo-g? W s B
. Gﬂfuhgef‘ RS . CQ”*“Q‘LﬁQ -
. Miesoscope » Audorad pipetdte
. wdaghin —up & o NQ”"S b et

e Steri&ing & _AD‘F %ﬂQﬁ QV@—’”__-A )
it Pates rou'é‘f;(_/oa'“!

Scanned by CamSc‘éﬁn'er



—— e ——

e e - =
M de b -r—t— 05 Mo-a‘e,____cﬂ::ltq,.c,u L:E.F._:r‘.:Q_,, CUlﬁLm 'H—w-* _
celds oy animal compase  +O the. 4
,,..._‘,_._W_Hr°cmo'§ APIEMSE be_cause, +he . er»{a( c_,gds:_,_g
@@,;uufe&j ~ose  mulsientt O:nCQ _,_e,o./ e il
-so‘,o ,__o_n — QOhen :H“ Q. 8

Q-H—OC‘-]Q& _LS_P.Q»Q?.CLQL}(.-.A._CQ&-- --_LSLL'G;)Lac,e,

_-::.—k_._{neoa Fom{s__:-tkcc’c mugs{ be#f@.lo-ﬁ o W s Y 'n&
wﬁ-ﬁ_-.--m,_;_.o:fcﬂe:ﬁ‘_io $eQ _prOpet. - O fsbrz:f:hwm:f._,_ﬁl&“__
— amdod cel ___m_cuH—u-@e,_ oS - (Lsted bolo

o Tt m?bu’fes ~cch MQC.Q:O ﬁ - -

s MOSt 03 +he omPMal eeU awos omly omn +he
_spectol_Sold susgace. I )

f_' 7 va: MO’6‘7 ] C;JQS—_ F;Qe, Q Nt -}-eé@ﬁa_{d,};{.l:_ -
,:___‘Qi’iufe_*g%t{ con be {nduced 1use
N ﬂ'}‘D '{19—+Q'6‘O ?’{Q’G 0 -n,:;h—‘ e e

; mowtecgje r&(yw&, <7 +mﬂs?og\;‘e& el %

Rieh medi e —m};cfu‘,’feo( Jor Cultuse oz . -

OLT):MQJ Q,QJ_Q - o — 8 —— - - 5 SO . _|
" In osdes +o ;
Cultvate anfual =y
: ceuw , ae,
o o ”S‘QO(.uzfe
Cultirse.  modia  thot MUSE e alop - S
D
ﬂuﬁvcznv}g tha -+ ose.  wo ¥ (Q ; AL |
. sEoTE by  4he ce (,LS
O";" LOM Ominiad 4o Show Ihe'ﬂ‘/
g 5 ' TO
'j’ﬁﬁﬂ‘{‘[‘\ . a P PQ”I "

Scanned by CamScanner



f S—
ﬁ& MQ&’&___‘:“_(_J_\SL{- COM/;)'FMSQ, ©1 8

e

)' IJI'ﬂQ_ e&senhaf V Q‘\-h‘no—w &Elaé e ee———

———— e = e e it e —— - — e

/Z..'J HaMims  an __/DQP%&Q’ o5~ Pm-{—eun q's“090+h
gactoss , dew_y {;mo\;.oﬂe_o@ by S&cur .
F

Most ¢ Q’DlMQ( _celds JEOLR o'n(-y on Special
"SOUOQ 6%’670(@_0: = T

———

S

. Most oy Ahe cultused animal ceus

R ———

m/g}wws\e_ O \‘Swﬂ‘;polc,e +o T
¢ The%0 OQATEe MQ'ny cels —+hpt have tho

Capab lM‘v o ddhese oand ":)’Uﬁp:) on alegs
6 Om \Soec,: ey tseated plashcswoof%
_.-\;QL?, __c_hgf\qgcﬁ GE04ps o +he SuTIHCe .

0 Ac:i-uauv the culused celUg Sectete

' ceudQn/ omcﬁ o+hes Motsix COMPODE DFS s

DOhveh . culHture

bwncﬂs "‘O +he cuHuso Sugeace. X
»nc,-!-(oqg CkS OL b"Glci(Q‘?Q. be+ween jc.ul'f-u"é‘e )

— e - —

Suspoce & ceds]

R S S —— - = VRS ol -

- mPfE‘;MC{fG“/ c,eucs che, *(ﬁgﬁkeoﬂ_ulﬁtwowtb

Wt ff»(o\-s? cols  have United ijmoo#)

EaS f"’”g““*“’ fn cultuse and. “‘“‘7 (7,_\,-;::
S = el 4o @ celd “5'[-*60‘){) PR ks

——
——— - S
S - RS S —— SR ——

chfm@@_d ceus o;z om:uc«l RGN m} +ha+
o~ 595?? G *C"””LQ‘ [‘iL%/” M co {5+ +o a

——— T
v

ced Une -

Scanned by CamScanner



=
———————

e A C,@-U (,une hS o -bopu ah&nu 0,1 auHu'é‘e,cﬁ -

S S,

_eels o Q“ml\—(O(/ 0-5*\7 +hat '3015 undl@*@ OW’Q,

o Chan —e muo:,c)wz? +h@, ceUs +0  gwoLd

Veontrost 4o o Y eel

e s < e U

AT 1 N
- q HQ—S!(_ "@J'\ Q_l\'{\l QOL@ *é-—————— — - 8
:rz_*,_% -+0 cShObO - T — 5
E U T ———
| % cubuze cell cam be tnduced 40 guse

i} o heteso Z'{ox"s/oﬂ 0s. =

—

- “Tho cu\—l—u'@e,oQ Q,Q,UZ c&%ﬂr—@gé‘ m’)CQUC,QCQ

_ +0 o+e~oZ, (A ‘
! ___\_,,_H_:/.ugsod 4o h@--#e"mka ong CH 5’“@
1 br HQO&+M®¥>+ W+h oe + o d;—s‘U6é$ ’

| S S

;lﬁ___ ______ (7 Q«"H'77 ’Qﬁﬁ e - Q,O [ :
F_'i___.,_ _H Q,+€:‘6‘Ol(—( Ot TY00D S 4 e * Q:GQB’){- '

L - T
k" Sﬁecne&‘ rkean +O ,Qage -H;e C})'U'DMO\SONQ. |

, _____ o 07. ONEO. £/DQO|Q,<S as *H')QU \/:cﬁ_g, B

|- otes Hetesiation s o uiiimuctarel
| ced - fihat L00+00 N 4

d@,ﬁ@‘;—?ﬂ_au A ?Qf@ﬂ—}— ﬂuc(_p,; . _—'-J

O
| |

SaERE

il

Ak

5 ¥R, U

AAAA

|
|
e
N
| L
| | o
| 23
L/
H
]
f
5
k
O
e
)
e
il

Scanned by CamScanner |



ﬁow&& e %Q’S‘Cﬂrmq H@mé_f‘)f"’fg& Wwﬂ:

fa

e

~s0~{ '-l"UJvi ouUtS 0’6‘ a'-GKSQ,-

=P ondam QQ% = ﬁﬁ’l __pf; masy  <sodend
T ceM nde_—y nidel,/ P
Cu /+u~@e Vi 5|

LL:;;&Q—KMO{- & cell 250 +uroum |
[ 50 wodent thewe ave +h o i
+~sct"n

DS 106 € od oo/ JS‘O ,ﬂOeQ/:L,{%;"f-e/Ly

N Ccu H'u‘G\Q,A

. Tho @_% @MQ& C/@,U@ (:QQ‘&‘:UQ_&

sord Q. {Stngla ABEe <
coldeod el UJ) e e

Scanned by CamScanner



R Semra _,_____,_ I

“MM#@_ OP e.eu cultuse. m Pkof”aaw*\

CQU HE: H—u—e—e - T, 'f_.{;Qo,Q -as - MO‘QQJ S
6 e —
~ Systert ™0 wesopwch,

‘A_‘C:Q,u _M.QQIM*(;Q:“ 'l‘OK‘: ?< b/ __[_QS-(—,—ﬂ ____m)’) o
____phasmaceuti ?%‘tﬂ.usw v/ & -ses @Ccr@e_/n E

— / L

R —— S ——

s cou c,quu»ee, e el 107 cances seseasch

———

—_—

—_—

~ reu Cu l4use e5 used P +he _749/10// 0,7,

_ ~Pology L SSEE tm The el I
— 17

s TR o

o cell culdwuse ag cel — basgod m 9\2’?__7_0( D g

—— Y
e cCcolu eu H’U’GQ .‘;LOFIS‘ C]QY)@_A-fQ, Couﬂ&@.(l_:‘n ’
‘LJ_’—

*!UL“
genetro
\d S— ==

- o)
W.&Z).i_l NERTING, s |
i o

o ceU cultuse ué%g ™0 _gene Fhewapy |

e — '

e coll cu Huse £g uzed ™

—————— e e

e

j_} ce,u Cu[—z‘uf@e, f’s ruseoﬂ as a Mocﬂef Ls—i—eru{
/ {

m ~ Reseasch. V R 3

— ceU cultuse. 75 comaidesed as a good

S sttt gt e i s i At e

s s

-

 model/ 676—}-62'»1 —!—Ba—l- hel lps  us -}-o S 0(7
‘fouow’ (‘7 .‘.L}?_‘.”Cj ,_,,"?f?_,.,,tJB_Q ;re_(cO i @6emﬁch o

e

.A (jooogmoo?e’ /54-QM 'R) &S:J— bas(c Cnﬂ(
e 'O“Zj/ & biodeMfS’,’é‘/

Scanned by CamScanner



sackon b/ tho dfscase — /causin C@Qﬂ'@
& ceus. (7

\

/f g2:0ca__r:j_cm@@,f _Systed 4o stud "’hQ
(‘n

e e e e,

A goed el & ey e s
_-_O:f GQTW&? ESLLBS donces on celps

i

——

/Q)/Qﬁ—(’—l— ouu—:ym@, 1:9 u&Qo@ -Po—zr canees msmf&ch"

'- - - —

_-"

T, e can  cultuse  +he mowsmal  as  w0eU  as
/’_Q_gj]_q_,g-@ ~qelg 3 by +hig e Can clogely,
_kS*uOQy +he dbﬁlelsgnc@, ho+een +he, /

/
nosdal  and  cances ceols.

—

o We cam convest omy mosmMal (o ol camoes
giotl by USING, -7”)/@/ choriead o Cadsatomn
omco / meses\/ and +ho,vgb>, o‘D@ aan gt+uds
the mechanid™  that  couses +he c,hc({vjc;e./

s we can usSe +hoe cultuwsed szc,e‘y

e cel CQ\S Qa -{—Q,S—{—— ng(S‘lLQ—N —thsou Q,Qf') | 0/,[-3 e
W com ded Q:&‘w ne  +ho & _—Epfu

_ . _wed a5 method b 7 ohteh U e

—can__ Selecitely destwof amy  Cances ced

_,_,3} ceu N c,u/a{—qm‘ /5 usgoé

'

/75 A’—h@, %Q,(CQ ”o; \J;fo_(&/

— \ -

L ceu C_u{+u@e_ s sHU QOﬂsf‘cQo_ch a5 one o the
,Me+thod +through which we. can cultivete . uses
"7‘ cmﬁevs“ +o LLSQ, -fho,rq ) voc.oﬂQ— /amo@ucﬁOﬂ -
_ceu Culm'f@s | q‘m ercQQ(7* ucho c'n —(—h.Q, CQQ*CC%@
Q”CQ lSO[(J\LfO’r) o’__ Vi uses C&'O(ﬁ o+ also DW\"C@Q——Q—'
. Q COQ‘/’CUA Hhat how dlo it V'"W5Q5 JI"”O“Q &

; ect  OwgOn s
E .7 J '

Scanned by CamScanner



»»»»»»»»»»» =S S

===EE——_—-—- 19
u} (‘,eu cul4u~pe_ s ceLL bcese,cg Mcmu{”ac“ |§*\\

B T I T ST o —
_ va&kime. mcﬂ wodcon  Atte PO 105 _’6,‘0:,,,. 25 e

____chitken pox ete, T T

—

e c—
e

__’,h Cl’{' l)C{\] e, =
- __H.Lgﬁf,__\s@a e P mducﬁﬁaﬁ)—-—gy'"“gggﬁf“A&ugé /:)-m'l-QﬂlS

+o
_9eneteally, emqmgemoﬁ 10 LY
-H'uc:—}-(/ have. / MQM CQMMQ:OQJQ,(

- \{CILuQ,. 8 = Cm-[—«bocﬁzésj unsu(,lﬂ ho@”ﬁcm%\ = §

- e

_S’> celd cultuxe Hos toxrxity *+ +e5+mq [N
ot yhase aa@uhc,ouﬂ mdhush? CQ U’f@‘s QOCQC}B - K

e "lhe, cell. culfy<€e ' : ase r_orcﬁe USQCQ o_l—i—h%\

all alone 04 GomeF+H~e rn /- ConT a~(-10.n

oOl-H') anirdol $ %S T Ofdzé"ﬁ‘ ”ILO LS'I‘UCQA/
.mg Q_;Lj_QQ—(’S O:L O LD Cﬂ'S\UQSgﬂQcO QO&MQ_C,

& nos  ahertileo] on +he Susviva/ q_ﬂj—":'ﬂ:
C7mWQu

- T, R i

Scanned by CamScanner



