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Microbial Growth refers to the increase in the number of microorganisms over time under suitable
environmental conditions. In pharmaceutical manufacturing, microbial growth can occur in raw materi
water systems, equipment, and finished products if appropriate measures are not taken to prever

In pharmaceutical products, the following are very essential:
Contamination Control

Bioburden Testing

Sterility Testing

vation of Antimicrobial Agents



* 3 Semisynthesis: uced by a fermentation process using the appropriate ~
microorganism and the produc odified by a chemical process. Many penicillins and cephalosporins are |
produced in this way.
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Figure I: Structure of Penicillin




tam ring
another ring. The

* f. Beta-lactan nactivating serine beta-lactamases,
which are enzyme ) ate the beta-lactam ring (especially in gram- ¢
negative bacteria).
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Fig. ll: Structures of the

Cephalosporins




Imipenem Meropenem o Biapenem

Ertapenem Doripenem

Fig. lll: Structure of the Carbapenemases




Fig. IV: Structure of Monobactsms




Name

Clavulanic
acid

Sulbactam®

Tazobactam

Structure Subclass

Clavam

Penicillanic
acid
sulfone

Penicillanic
acid
sulfone

Fig. V: betalactam inhibitors

Partner 3-
lactam

Amoxicillin

Ampicillin

Piperacillin
Ceftolozane




otetracene-2-
arbo ¢ naphthacene
cqrboxa

* While all tetracyclines have a common structure, they differ from each other by the
/ presence of chloride, methyl, and hydroxyl groups.
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Fig. 6: structure of

Tigecycline tetracyclines
SAR-936



terized by

to a dibasic

®* Macro d by possessing molecular

structures that contain I sered) lactone rings linked through

glycosidic bonds with amino sugars.



https://en.wikipedia.org/wiki/Amycolatopsis_rifamycinica
https://en.wikipedia.org/wiki/Ansamycin

its highly toxic

ginosa but excluding cocci, Serratia
(A to E) of the polymyxin group is of a

similar nc ymyxins B and E (colistin).

® c. Antitubercular antibi ’ show activity against M. tuberculosis and may be regarded

as being second-line antitubercular drug

r



it has a
Jainst most

1 UIl

®* b. Teicoplanin is a n olex of five closely related

( tetracyclic molecules. lIts
@
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DNA in

mpounds
tors of
ole is trimethroprim

d trimethoprim (one part).

* The reason f in vitro finding that there is a
‘sequential blockade’ of 1 i ich the sulphonamide is a competitive
inhibitor of dihydropteroate synthetase and trimethoprim inhibits DHFR.

%



tol.
vhich are used
is and leprosy.
in. Rifampin inhibits

* . Nitrofu _ sased on the finding over 40 years The
nitrofuran group of drugs is J C 40 years ago that a nitro group in the 5 position

of 2-substituted furans endowed these cc;mpounds with antibacterial activity.

%



adiation,
etabolism, DNA

dqmqg-

* SONICATION: sound wave e supersonic or ultrasonic rays can denature proteins

(f and disintegrate cells.
O




® Phenols: they denai

(f ® Alcohols: ethanol, etc




gative

Sram-positive

brocesses, such as cell

wall syntt bolic pathways.

®* Some antibiotics may have selec : eaning they preferentially target bacteria

while having minimal impact on human or animal cells.
@




cleic acid synthesis or

aplication cycle:

®* Some a ar spectrum of activity.

® Antiviral agents may inhi on, viral protein synthesis, or viral assembly and release.

( ® Antiviral agents may also stimulate the host immune response to enhance viral clearance.




* Protein

® Antibiotics like mac -osides interfere with bacterial protein synthesis.

* They bind to the bacterial ribosome, biting translation and protein elongation.

® This prevents the synthesis of essential bacterial proteins, leading to cell growth inhibition or cell death.
@




ate synthesis.

- acid to tetrahydrofolic

(=

® Some antibic

® Polymyxins bind to lipopolysaccho outer membrane of Gram-negative bacteria, causing membrane
destabilization and leakage of intracellular contents.




ating reactive oxygen

oids, leading to microbial death.

* Disruption c

¢ Certain antiseptics, su
metabolic pathways.

® They interfere with essential metabolic processes, inhibiting microbial growth and survival.
@




diluent solution (e.g.,

tain microorganisms present in

® Prepare on. This is typically done by transferring 1 ml of the initial
suspension to anof 5 :10 dilution. Repeat this process several times (e.g., 1:100, O
1:1000, 1:10000) to obtain ¢ yressively fewer microorganisms per ml.

r



for 24-48 hours,

* ldentificc .

* After incubation, examii nded by a clear zone of inhibition. This clear zone
indicates the potential production of an antibiotic by the organism in that colony. The size of the clear zone can

be an indicator of the antibiotic's potency.
O




yram) and add it

yension.

’ erile diluent solution. This is crucial in
' atf least 4-6 dilutions following a tenfold dilution
:10000). This means for each dilution, you transfer 1 ml of the

® Prepo
the soil plate dilu

scheme (e.g., 1:10, 1:100, 1:1000,
previous dilution to a new test tube containing @ ml of fresh diluent solution.




oduction of an antibiotic by the

 further investigation.

From these plates, pick a sii “onto a fresh agar plate to obtain a pure culture for further testing. O

r



tibiotic-

to obtain a pure culture.

C pY, biochemical tests, etc.) to identify the

species or ¢ g
i O

® Further tests can be condu ole C aracterize the antibiotic produced by the isolated organism.

r



ontaining a

a sterile L-shaped spreader.

® Using uspension perpendicularly across the indicator

orgqnlsm = —
®* Incubation: -

®* Invert the inoculated plate and incubate it at a suitable temperature (usually 30-37°C) for 24-48 hours, depending on the
O expected growth rate of the target organisms.

%




. The zone's

m and streak it onto a

®* Characte

® Characterize the isolat the species or group.

® Conduct further tests to confirm and characterize the antibiotic produced by the isolated organism.
O




d if they degrade

ion is measured to determine

drug doesn't cause unacceptable levels of cell

Test Design: Cell viability assays or observation of animal health are used to

evaluate toxicity leve

O)

3. Serum Binding Test:

Purpose: Determines the extent to which the antibiotic binds to serum proteins in the blood. High serum protein binding can reduce the free concentration of the antibiotic available to fight

the infection. This can impact its effectiveness and potentially require higher doses.

Test Design: The antibiotic is incubated with blood serum, and techniques like equilibrium dialysis are used to measure the amount of drug bound to proteins versus the unbound, active form.




ured by monitoring the release of

7

Purpose: Evaluates the potentic efects if administered during pregnancy. This is a crucial safety test,
especially for antibiotics that might be prescribed to women of childbearing age.

Test Design: The antibiotic is administered to pregnant laboratory animals (usually mice or rats) at different stages of gestation. The
offspring are then examined for any developmental abnormalities.

Importance of Secondary Screening: Efficacy:, Stability, Safety.




diotic.
ction rate,

srther improve its
on or enhancing the

Nutritionc he essential nutrients the chosen microbial strain
needs for optimal g ohydrates (sugars) as an energy source, nitrogen sources
(amino acids or ammonia) for p 1 and other growth factors.

Optimizing Conditions: The medium's pH, temperature, and oxygen availability are carefully controlled to create ideal conditions for
the specific strain and maximize antibiotic production. Pilot studies are often conducted to determine the optimal formulation and

fermentation conditions.



djusted to

broduction. This

Juced antibiotic, are harvested.

might be used to concentrate and isolate the

5. Purifici 0

Multi-step Process: The crude al ic eps to remove impurities like cell debris, media components, and other O

unwanted substances. These purification , atography, crystallization, or various filtration methods.

High Purity Standards: The final purified antibiotic needs to meet strict quality control standards set by regulatory agencies. This ensures the product is pure, potent, and

free of contaminants that could be harmful to patients.




yaper discs
ted with a bacterial lawn.

® In antibiotic assays, H! ion of antibiotics in pharmaceutical formulations or ()

biological samples.
/ * It provides quantitative data on the purity and potency of the antibiotic.
O



e the potency of antibiotics.

®* These assays measure different concentrations of the antibiotic and are

used to establish potency curves or bioequivalence of generic antibiotic products.




gi, viruses,

| on surfaces and

inanin

Q

® Antiseptics and dis . nicrobial cell membranes, denature proteins, or

(f oxidize cellular components, leading to microbial death or inhibition of growth.
@




m inhibitory

gainst bacteria or

* Time-kill kinetic

® In these assays, microbial suspensions are exposed to different concentrations of the antiseptic, and
samples are taken at various time points to quantify viable microbial counts. This information is used
to assess the antimicrobial activity and kinetics of the antiseptic.

%




al irritancy

* Stab ological stability of
antiseptic form

®* These assays assess the shelf-life of antiseptic products and ensure that they maintain their

efficacy and quality throughout their intended use period.

%



ation (MIC),

F 0 microorganism.

® Microbic of microbial infections.

® Sensitivity testing opriate antimicrobial agent for treating infections
caused by specific microorganisms.

® Sensitivity testing helps monitor changes in microbial susceptibility patterns over time, allowing for the
detection of emerging resistance trends and informing antimicrobial stewardship efforts.




outing to

prolonged infections.

be more expensive, toxic, or less

Microbial resistan: opulations and between different species, increasing
the prevalence of resistant pc rol efforts. O

Resistant microorganisms may exhibit reduced fitness or virulence compared to susceptible strains, although this is not always the case.

Some resistant pathogens may retain or even enhance their pathogenicity, posing a greater threat to human and animal health.




nbrane channels

at restrict the entry of

enzymes can cleave the antibiotic

* Example: Beta structure of penicillin and other related antibiotics, making
/\

them ineffective. This is a co 1 like some strains of E. coli and Klebsiella pneumoniae.




otic that

ted by the antibiotic.

hem to synthesize essential folic

Mechanism: Bacteria orocesses like conjugation (plasmid transfer) or
transformation (uptake of free DNA) e resistance genes from other bacteria, even from different species.

Example: The spread of multidrug-resistant (MDR) bacteria often involves the transfer of resistance genes on plasmids between
different bacterial strains. This rapid spread of resistance genes is a major concern in healthcare settings.




- MECHANISM OF DRUG RESISTANCE
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Inhibition of bacterial
transpeptidases by penicillins

Enzyma’

inactive G-Hﬂimm

One molecule of panicillin destroys
one molecule of cell wall puilding

enzyme

Destruction of penicillins by bacterial B-lactamases
o
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One R-lactamase molecule Can gagirgy NUMErous
molecules of the B-lactam antibiotic

Inactivation of bacterial B-lactamases
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e.g. clavulanic acid
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erent concentrations

es a "lawn" of bacteria on the plate.

®* Observation:

®* Incubate the plates at a suitable

® Observe the plates for the presence or absence of a clear zone of inhibition around the ditch.
® The presence of a clear zone indicates that the disinfectant has inhibited bacterial growth in that area. The size of the zone can be an indicator of the disinfectant's potency.




1ped spreader.

aper discs.

o Observh 0

® Incubate the plates at ¢ + 24-48 hours.

f\
* Observe the plates for the presence or absence of a clear zone of inhibition around the filter paper discs containing the disinfectant solutions.

* Similar to the ditch plate method, the presence and size of the clear zone indicate the disinfectant's ability to inhibit bacterial growth.




aper discs with

o the inoculated agar surface.

®* Observation:

® Incubate the plates at a suitable 2 30. or 24-48 hours.

®* Observe the plates for the presence or absence of a clear zone of inhibition around the pre-saturated filter paper discs.

® The size of the clear zone indicates the potency of the disinfectant concentration used in the respective disc.




ized inoculum of the test bacteria.

® Includ actant) for comparison.

®* Observation: N

® Incubate the test tubes at a suitable temperature and observe for a turbid broth or not. Turbidity means the disinfectant
was not potent.




teraction with the

esistant to a specific disinfectant

P T ants. Some disinfectants might require specific
sporicidal a

®* Microbial Population: The initic a role. Higher microbial loads might require higher disinfectant concentrations or
longer contact times for effective control.




alkaline

der the effectiveness of
icrobes.

®* 4. Formulc

* Inert Ingredients: Disinfectants o ontain additional ingredients besides the active component.
These inert ingredients can influence factors like stability, shelf life, and ease of use. Some formulations
might include surfactants that help disperse the disinfectant and improve its contact with microbes.

%




sed in drug

during production can intfroduce
microbes.

®* Packaging: Faulty packag w for microbial entry after manufacturing. C

* Storage and handling: Improper storage conditions or contamination during handling can introduce microbes before the
product reaches the consumer.




Js infections.

g manufacturing and handling.
rol measures to minimize microbial

Preservatives: ( sservatives that inhibit microbial growth.
ot ()
Packaging: Pharmaceutical produ ¢ signed to prevent microbial contamination and maintain sterility throughout the

shelf life.

Sterilization Techniques: Depending on the product and its components, various sterilization techniques like heat, filtration, or radiation are used

to eliminate microorganisms before packaging.




factors,

zed by microbes as a

olve using less readily
onment less favorable for microbial

* 2.Ex

®* Vulnerable Ingredients: ble to microbial spoilage.

®* Natural Products: Ingredients like starches, 5 rived from natural sources can be readily metabolized by microbes.

* Emulsifiers and Surfactants: Some emulsifiers and surfactants can be broken down by certain microbes, potentially affecting the stability and performance of the

formulation.




d contribute to spoilage.

Formulation susceptibility of the API all play a role in designing a

formulation less p

Preservatives: For suitable formulo , ‘can inhibit microbial growth and extend shelf life.

Packaging and Storage: Using appropriate packaging materials with good barrier properties and maintaining proper storage conditions (temperature,
humidity) are crucial for preventing microbial contamination




e APls in a
lient and a
treating the

®* Chang ble changes in the appearance and
texture of the diness, formation of clumps, or changes in
viscosity. These changes can ra  the product’s quality and deter patients from using it.

®* Unpleasant Odors: Some microbes produce byproducts with unpleasant odors during their growth and
metabolism. This can make the medication unpalatable for patients and further compromise its quality.

%



administration. This

* Reduced e ation, increasing the risk of side effects.

®* Changes in appearance or od pleting their medication regimen, impacting treatment success. (_

* Safety concerns can lead to product recalls and loss of public trust in the medication.




rces for microbes.

fiers and surfactants can be

n a specific pH might be susceptible to

s and extend shelf life. The effectiveness of preservatives
o‘ o .

* Antioxidant Activ elp prevent microbial growth by limiting the availability of oxygen.

®* Packaging Materials: -

® Barrier Properties: The packaging material's ability to prevent the ingress of microorganisms and moisture from the external environment plays a crucial role.

®* Leachability: Certain packaging materials might release leachable substances that can interact with the formulation or even support microbial growth in some cases.

@ * Extrinsic Factors (Environmental):




‘ row'rh ¥

bial growth.

also degrade the API

able microorganisms that can

izes the risk of contamination with airborne

microb

®* Handling Practices: = C

® Post-Production Contamination: Improper handling practices after manufacturing, such as during dispensing or administration, can introduce
microbes into the product.




handling.

ineffective. Preservatives

ents being exposed to these toxins.

* Disrupting Cell Me age of cell contents and ultimately leading to cell death.

O)

* Interfering with Metabolism: Certain ¢ ) processes in microbes, preventing them from multiplying or functioning properly. |

* Altering Environmental Conditions: Some preservatives might create an acidic or otherwise unfavorable environment for microbial growth.



by disrupting

heir use has become less

enoli [ bacteria and fungi.

®* Organic Acids: Sork 4 ervatives that work by lowering the pH and

creating an unfavorable environment for microbes.

®* Quaternary Ammonium Compounds: These are cationic detergents that disrupt cell membranes and are
@ commonly used in topical products.

%




potential

centrations. This

. . ] 0
edication’s active

ict's shelf life. This ensures ongoing

Compatibility gredients in the pharmaceutical formulation. It shouldn't

cause any interactions that ¢ 2ty. (O

Minimal Side Effects: The preservative should have a low potential to cause adverse reactions or irritation in patients when used at the intended

concentrations. Rigorous safety testing is crucial before incorporating a preservative into a pharmaceutical product.




fectiveness

rvative might be less
> preservative for a specific

* The type c
®* The potential spoilage r

® Patient safety considerations

%




olerate
— must be
aven death to the

o detect the presence of any viable

Membro
any microbes to grow

Jin methods are employed:

| the membrane is then incubated on appropriate media to allow
n ' O
Direct Transfer: Samples are directly inoculated into different culture media designed to support the growth of a broad spectrum of bacteria and fungi.
Again, no growth indicates sterility.




vides
before

g for airborne
oefore they can

to minimize the risk of
terile garments, working in a

controlled aterials.

critical for maintaining sterility. Container closure

* Leakage Testing: The i
integrity testing ensures no leaks are present that could allow microbial contamination after sterilization.




robic bacteria and fungi
results are expressed as Colony
fe eptable limits for these counts based
on the dosc

¢ Ordl non-qqe : U/g for total aerobic microbial count (TAMC) and 100

CFU/g for total yeast and mold cou

® Topical creams or ointments might have slightly higher acceptable limits for TAMC and TYMC.




batches of the

tic’ g to prevent contamination
from the eny

* Environmental Monitoring: Mant he environment (air and surfaces) for microbial
contamination. This helps identify potential sources of contamination and ensure overall hygiene during production.

r
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