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‘Parenteral Preparations

/Qteral preparati injectables are the steri lutiqns Or suspensio
of drugs in aqueous qr oily vehicles meant for introduction into the body

by means of an injection under or through one or more layers of the skin
WW& infroduced into internal body
compartments they must be sterile and free from all types of living
microorganisms and microbial products such as toxins, pyrogens, etc., and
should be free from particles like dust, fibres, etc. They should be isotonic
with body fluids. An utmost care must be taken in the preparation of inject-
ables to avoid all types of physical, chemical or microbial contaminations,
Parenteral preparations must be introduced through the same route for
which they are intended, for example, if an oily suspension meant for
intramuscular injection is introduced by intravenous injection may prove
fatal. Similarly potent drugs meant for administration through intramuscular
injection may lead to even death if given by intravenous injection.

\ v UTES OF ADMINISTRATION OF PARENTERAL PRODUCTS
Various routes of administration of parenteral products are as follows :

1. Intracutaneous or Intradermal Injections

These injections ar given in between dermis and epidermis. Skin of the
left forearm is usually selected for giving the injection. Absorption by this
route is slow therefore usually small volume from 0.1 to 0.2 ml is injected.

This route 1s mainly used for testing the sensitivily of the injectables and
for diagnostic purposes.

2. Subcutaneous or Hypodermic Injections

These injéctions are given in the jy,b,cmalmusl_i\s_sue\under the skin of the
upper arm. The volume of 1 ml or less can be injected by this route. This
is the most popular route because it is convenient for the patient and the
doctor.

3 Intramuscular.lnjecti?ns |
These injections are given into the muscular tissues. The muscles of the
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Fig. 12.1 Routes of administration of parenteral products.
shoulder, thigh or buttock are usually selected. Generally i ume up._to 2

ﬁ administered Dy this route and should not exceed at one site.

4. Intravenous Injections —~ 4 N
These injections are given into the_vein therefore directly reach the blood, —

ilic vein which is near the elbow is usually sglected

) stream. The medi i .
- because it is easily located and connects with the major veins of the

arm. Large volumes of solutions ranging from_1 ml

more can be inj ted but volumes of.AOre an 15 ml Loy <l
with blood. (Oily injections and s cannot be injected
W— X -

5. Intra-arterial Injections L
These injections are given directly into the artery when an immediate effect
in a peripheral area is required. They are occasionally used.

P

Less Commonly Used Routes
6. Intracardiac Injections
They are given directly into the heart
in emergenc ly.
4 9

7. Intrathecal Injections !

They are given into the subarachnoid space surrounding the spinal cord.

; . - o SDIN .
 This route 18 used for giving Sp al anaesthesia.

muscles or ventricle and are used
-+ — .

< ————————
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8. Intracisternal Injections

They are given in between the first and second cervical venel()irae TI::s
route is principally used to withdraw cercbrosplnal fluid for diagnostic
purposes.

9. Peridural Injections

These uuwmns are gwen between the dmmii_.d the inner aspects of
the vertebra. i.c.. it is the area of vertebral canal which does not have
duramater ard its contents. This route is sometimes used for giving spinal
anaesthetics in special cases.

10. Intra-articular Injections
These injections are given into the liquid that lubricates the joints.

—

11. Intracerebra! Injections

. . . . -1":?} ~ &)
These injections are given into the ¢

erebrum, & .
—< K

/Advantages
./ 1. Parenteral route of admmlstranon is used when a rapid onset of action
of the drug is required, hence the route is used in emergency cases.
2. This route is preferred when the drugs are inactivated in the G.LT.
or drugs are not well absorbed after oral admlmstrauoq
3. This is the most suitable route of administration of drugs in treating
patients who are non-cooperative, unconscious or are otherwise
unable to take the medicine orally.

4. Prolonged action of a drug can be successfully produced by this
route.

5. Solutions in volumes from fraction of millilitre to 4 litres can be
introduced by parenteral route. B

/)isadvantages

I. This mode of treatment is more expensive because 1t requires a
technical and trained person for administration.

2. Sterilization iS of utmost importance.

3. The administration of drug through wrong route _of injection may
prove fatal,

4. Daily or frequent administration of injections may pose difficulties
. {o the patient.
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ntial Qualities of g Parenteral Product
A parenteral product must possess the followin

It should be free from living
. It should be free from pyro

g characteristics -

microorganisms and microbial products.
gens.

L
2 |
3. It should be free from foreign particles such as dust, fibres, etc.
4. It should be free from chemical contaminants.

5. It should be isotonic with body fluids.

6

It should have matching specific gravity with respect to some body
fluids.

e

Multidose injections must contain preservatives.
Container/etosure must not affect the product/

o

n the development of parenteral products the pharmacist should have
thorough knowledge and understanding of the prmap}es involved and
utmost care must be taken regarding accuracy, clean!lness and ovel_rall
quality of the product.(‘fﬁg_@@iﬂ@%ﬂggs used in the jgnllrg!gggn
of injections should be free from_microbial and.pyrogenic contamination)
Whenever possible special parenteral grades of drugs which are commercially
] ed.
ava](l)al:)ll: as hrz?rll?ml:lemulsmmbet of absolutely necessary additives in smallest




264 Introduction to Pharmaceutics-Il

ible quantities should be added. Excessive use of additives in parenteral
products should be avoided since sometimes the metabolism of these
additives becomes a problem. Some of the additives which are commonly
used in the formulation of parenteral products are described below :

1. Vehicles

In the development of a parenteral product one will haye to use 2 su@table
vehicle for dissolving or suspending the m icaments I.he,most.smtable
vehicle for this purpose.is water because@queoys preparations arc tolerated..
well by the_body and.are.the safest and €3 siest to administer. The water.

should be chemically pure and free fror @ When water free from
dissolved gases is required, it should be™treshly boiled, cooled and stored
in a well closed container to avoid reabsorption of oxygen and carbon

dioxide.

Qily vehicles are used when the use of water is contraindicated in on€e
way or the other, e.g., (a) when the medicament in insoluble or slightly
soluble in water; (b) to increase the (%bj_liguime—pﬁpamﬁon; or (c) to
prolong the duration of action of a drug. The commonly used fixed oils
from vegetable origin are cottonseed oil, peanut oil, olive oil, sesame > oil,
etc. These oils should be free from rancid odour and taste. Mineral oils
like liquid paraffin are rarely used since they are not absorbed from the
tissues after injection. ’ J

Sometimes {propylene glycol, polyethylene glycol and glycerin usually
%ith sterile water are used to prepare solutions for injections. They
are_used_as _solvents as_well as..to_increase the {§ Jof certain
preparations. == --

Whenever jnon-aqueous vehicles are used for the, preparation of injections.
they must be“adminisicred by j_nﬂ;__tggp_us_cular“jj}jggat_ipﬂs)only, accidental
Tﬁ'ﬁ?sﬁ‘c'ﬁon by subcutaneous or intravenous injection may lead to serious
results.

2. Added Substances

e
(These substances are added to increase the stability or quality of the
product and may include solubilising agents, antibacterial agents, antifungal
agents, anuoxldf'mts, chelating agents, buffers, isotonicity factors, hydrolysis

_inhibitors, wetting, suspepding and antifoaming agents, etcy‘trhese agents
should be used only when it is absolutely necessary to use them and they
must be used in the minimum possible quantity. These additives must be
selected with great care so that they may not affect the entire formulation.
(a) Solubilising Agents

he solubilities of insoluble or poorly soluble drugs in water can be

increased by cQ-solvents, complex formation or by adding surfactants like
iweens, polysorbates, etc., Which act by miceller solubilization.
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" stabilizers Patentar| Preparations orc
T

juoe, oxidation and hygropy« -

v . 3 Olysls t
ey are in solution form, lherefozrl:c& Ce more ry
oxidation and hydrolysis Y1 ey must be

0 pre P
is added or the product i se‘;l Vet oxidation ejty

'pidly in drugs when
Suttably protected from,
Cr a suitable antioxidant

Wh::ﬂ:gg g;g;gg?l?oz Oft;r the preparation is due to change in pH it can be
Pfcdesired level Ag IS Systems which will maintain the necessary pH
at ;- [Acetates, citrates and phosphates are the principal buffer
systems used in this—way: oA

(d) Antibacterial Agents

Bacteriostatic or fungistatic agents must be present in multidose containers.
They must -be-added -in-adequate_quantities_to_prevent.the_multiplication
of microorganisms_which may be accidentally introduced into the preparation
while_withdrawing_a. dosefrom...the. multidose “Ebm_‘ffﬁ%e
compounds most frequently used as antibacterial?é’g"‘ém.s% benzalkonium
chloride 0.01%, phenol or cresol 0.5%, chlorocresol 0.2%, phenylmercunc

,mmmwmm@g@ﬂ&?m taken in selecting
the antibacterial agent that it should be compatible with all other
components of the formulation and should not be removed from solution
by rubber closures of the package. _

Bacteriostatic agents should not be used in single dose containers
because the contents of these remain sterile until opened and the solution
is injected but they may be included in those 151_ngl,e dose containers which
are to be sterilized by ‘heating with a bactericide’.

(e} Isotonicity Factors
Parenteral preparations s

hould be isotonic with blood serum or other body

: oyt d pain of injection i ith nerve endings.
fl tation and pain of injection in areas with nerve endings,
T;:led? tomrs.dl;fe g;-la solution ﬁ.ay be adjusted by adding sodium chloride,
borax. etc. i, suilable quantitis. byl ihgse materials should.be nontoni
and muilicbe compatible with other ‘components of the TO_“‘_‘“ ation.

(f) Wetting, Suspending and Emulsifying Agents
. . A
a parer ion a wetting agent is used to reduce the interiacia
prgybetWoet | They also act as antifoaming agen(s (o subside-the.
| fgg%auogd—g‘éég 'dl:'ir.ing shaking of the pl’eparauon) The welting agents
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: ' ' suspending agents
commonly used are tween 80 and sorbitan triolcate, The suspen :
generallyyused are Flcthyl cellulose, carboxymethyl cellulose, acacia and

elatin. “""“"““‘ | — |
$ Emulsifying agents are used in sterile emulsions. For this purpose

lecithin is generally used. Gelatin may be added to aqueous vehicles to
prolong the effect of the dmy

GENERAL PROCEDURE OF PREPARATION OF INJECTIONS

is the general requirement that all the parenteral products musi be frec:
from foreign particles and micro-organisms. To achieve this aim care lr:nus
be taken regarding the cleanliness and sterilization of arca, atmosphere,
persons involved and the materials used in the preparation of injections,

WATER FOR
INJECTION UNIT
PREPARATION HED
AND FILLING AND ;'HNA%U%T
COMPOUNDING |~ 7|  SEALING STORE
MATERIAL [ ROOM !
AND
EQUIPMENT
STORE . PACKING
- WASHING AREA |—a| STERILIZATION |—.  AND
- FINISHING

Fig. 12.2 Flow diagram for the manufacture of parenteral products,

The area and atmosphere of the room where the process is to be carried
out must be free from dust, fibres and micro-organisms. This can be
achieved with laminar flow system and by disinfectants. All the equipments
which are likely to come in contact with the preparation must be
thoroughly cleaned and sterilized. The workers should be highly trained
and skilled, They should wear sterilized special clothings including hoods and
gloves. They should take all sorts of precautions to avoid contamination

because even the entry of a single microbe can render the product useless
and harmful,

Parenteral preparations should be prepared from substances of (he
highest purity which have been accurately weighed and dissolved in
pyrogen free distilled water or any other suitable solvent. Utmost care must
be taken regarding the cleanliness in all operations. The solution so formed
is passcd through different grades of filters 1o remove foreign particles,
The filicrs may be made from sintered glass, asbestos porcelain, ete, Now
a days membrane filters composed of cellulose ester or polycarbonate are
commonly used for filtering the parenteral solutions. Bacteria-proof filters
are used 10 remove bacterias from the solutions.
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must b sterilized. sed should be of very high quality and

On small scale, fillin
inges attached with % can be carried out with the hel ' :
ﬂ[ﬂPOl]leS can be dOne b O?E .need]es’ burettes etc. Th P of h_YPOdefmlc
plow torch burner Y fusion of glass in hot flames ol sealing of the
el o . Bk 5 0

ing and ing i
filling sealing is done on very sophisticated automatic machines.

After filli i
ing and sealing the containers they are sterilized by means.of

dry heat or moist heat. Ao,
whereas for moist heat I:?el;ilqgat::)eat serization hot aif ovens are vS<d
aqueous preparations must be n autoclaves are used. Oily and non-
40°C for two hours or at l_}%sghzcd by dry heat at a temperaturc of
wolutions should be sterilized b for one hour. 'Ihenl_lostable aqueous
. y steam under pressure in autoclave at a
emperature Of 121°C for 20 minutes. Whereas aqueous solutions of
thermolabile drugs cannot be sterilized by autoclaving therefore they must
be passed through bacteria-proof filters to remove microbes.
Afler.the filled containers have been sterilized and allowed t0 cool,
hey are inspected for clarity. Those containers which pass the clarity test
are properly labelled and packaged into final containers.

PRECAUTIONS FOR ASEPTIC WORK TO PREVENT
CONTAMINATION

I. As far as possible minimum numbe

injection department. Lesser the number
‘11 be the chances of contamination.

:ned in aseptic techniques shoul

r of persons should work in the
ber of persoris in the department,

d be allowed 1o work 1n

the injection department.
ey must wash their hands which

3. Before entering the sterile arca they :
ed with antiseptic solution, wear gloves, dress

ztﬁgﬁlgidm%;?e cot:?:z:::d, wear face mask and a hood over the head.

The garments worn must not shed fibres and other pam.cics. .

4. The air in the processi must be free from contaminants which
is done by fitting A jaminar air flow In the area. |

5. Ultraviolet 1amps should be fitted above the doors, working tables

m ceilings: |
6 E\l\fnglll;ooshould be painted In such a way that they can be easily
" cleaned. W ed and disinfected-
’ ini hide-outs.
uld minimum
;. e S:LO u should b¢ minimum and they sho
. f;?ligs steel OF sunmica tops and other surfaces.

uld be fitted with
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' hould be minimum
9. Double door entry should be provided. There s |
number of windows which should be of glazed panels. The windows

may be kept closed. o _
10. Equipment is the major source of contamination, therefore, it must
be thoroughly cleaned before and after its use. Wherever possible
sterilized equipment should be used. .
11. Frequent tests should be performed in the aseptic aréa to check the
maintenance of sterility. . _ o
v\ 12. Whenever contamination is detected, its source should be identified
\0 and suitable methods adopted to check contamination.

o
@q’d’ UFACTURING OF PARENTERAL PREPARATIONS
/og;ring steps are involved in the manufacturing of parenteral preparations :

Washing and cleaning of containers, closures and equipment.
~ Collection of materials. '

Compounding the preparation.

Filtration.

Distributing the preparation in final containers.

Sealing the containers.

Sterilization,

Labelling and packaging.
9.~Evaluation of parenteral preparations.

4

e
1. Washing and Cleaning of Containers, Closures and Equipment

AlLthe containers, closures, and glass equipments required in parenteral

parations are thoroughly cleaned with detergent then washi with free
flowing water foliowed by rinsing it with water for injection.} As far as
possible the various components of the apparatus should be separated and
then cleaned. For small number of items washing can be done manually
but on large scale automatic washing machines are used. High speed bottle

brushes and multijet rinsers are used fi i :
: . or this purpo
dried and sterilized by suitable methods, pHRaSS, Vinally; wey #e

J,.."

PO SN DAl B e

Preparation room. All the ingredients, i.¢..

the_me&c;lamcnts, vehic!es and additives used should be of the highest
purity. Whenever waer is 10 be used as-vehicla wqf free from pyrogens
must be used. » waler free from pyroge

“;,Aﬁimpounding the Preparation

For mixing and compounding 3 ge
" ; _ procedure e
muxing, the formulajormust decide the order of mm'uu!fluSt gbzng)ll:g ‘:gg;lldB?lt;)\fe
PR —
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Wi

; arding its :
i¢., €8 g 1ts colour, Vlscosi[y,‘eli?e Of preparation will be obtained.
4 Filtmtion

he solutions so formed are (h
ove all the foreign partj 1ICN passed throy : ,
remmeans of bactefia.pamde-s' If the SOlutionsg:r: suntgble ﬁ[ter mec-llra to
e opnoE B proof filters then the required to’be sterilized
pacteria-p ilterd For this p y are passed through suitable

are used. urpose sintered -
ﬁr“;r(?ly l nateN;)r: :“ d*"-‘_YS membrane filters coansli;oaSbe(S,ms 0:, WSZCZL?;
’ ommonly used for filtering the parenteral s?)lutions.

5, Distributing the Preparation in Final Containers

(?of:nsz;lrt;alt:ﬁ: ﬁd fﬁemiz?“"“ the solutions are distributed into final
and steﬁﬁmd.ﬁn%gﬁ%%mm are previously cleaned
ed for fillin Ware o ingle doses whereas vials are
us 4. On mil l ultt oses. Bottles are geﬂerally—'_ﬂ_”used for filling transfusion
fluids. Un SMav scale filling can be carried out manually with the help of
hypodermic: SyiSes attached with long eedles, burettes, etc. On large
scale automatic filling machines are used.)About 300 or more containers
pel' mlnl“’.@ ..gg.n __bgq_t]}_]g_g_ ”\E_l_m“these,,macm[])es_

—Powders are little difficult to fill as com to liquids. On small scale,

solids like antibiotics are divided by weighing and then filled into
f the powdered drug can

individual containers or approximate quantity 0

be filled in the container which is finally weighed on a balance. On large

scale filling of powders is done by machines. .
At the time of filling the ampoules, care should be taken that the

solution should not touch the neck of the ampoule and it should be filled

below the constriction of the neck of the amp_oqle otherwise it may lf_bad

o different problems such as cracking and staining at the timeof sealing

the ampoules.

. - hould be done as soon as possible to prevent
lSeahng of the containers S S ittod on the

the . ation of the contents: The - :
vial;: (:r‘llsnt]:)nt?llés and sealed by crimping - the aluminium Cap= ks

b mechamcal means. ‘
be (g)l:ne ﬂﬁ?ﬂ?’e (:lr] " Zmpoules are seal manually by rotating the neck
. sm e in the flame of bunsen burner O blast burner (0 soften the
ol e a;npﬁu L imately fuses to close the aI_ﬂpoule. This is known as tp
; s which U = ot a sur method of sealing because leakage generally
ealing but this 15 0 s that the neck of the ampoule is constantly
occurs. Another M50 o and when the glass softens, the tip is held
fotated 1n the bunsen ¢ any other device and pulled quickly away from
firmly with 2 forceps & which 18 still rotated. A small capillary tube is

the body of the ampO(‘i’ gy (wisting. This method is known as pull sealing.

»

formed which 18 close

6. Sealing the Containers
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Although this is a slow process but the seals are more perfect than tip
sealing.

terilization
Depending on the nature of products they may be sterilized by any suitable
method.

Thermostable preparations are sterilized %v_allwi'"g at a temperature
of 115°C for 30 minutes or at 121°C for 2 minutes. Oily injections can

be sterilized by hot air ovens at 160°C for 2 hours or at 170°C for one
hour. -

—Thermolabile preparations are sterilized by passing through suitable
bacteria-proof filters or by means of chemlcals

\/ abelling and Packaging

All the containers, i.e., ampoules vials amlJmtt_sshould be properly

labelled with name of thc uantlt batch number, lot number,
date of manufacture, date of expiry (1f arly), storage conditions, réfail price

and n‘ianufacturer s address.

The labtlled containers should be packaged in cardboard or plastic
containers so that there is no breakage during transpo or handling.
Ampoules should be packed in partitioned boxes. otk




%valuation of Parenteral Preparations

N In the preparation of parenteral products strict quality .control tests must
be carried out throughout the entire process of preparation of a parenteral

/" product to give assurance that the final product meets the required

~  standards. Raw materials must be subjected to quality and pyrogen tests.
Various tests, readings and observations must be made during the process
to assure that the specifications are being met. Various tests and assays
should be performed on the finished preparation to ensure that it meets the
required specifications. In addition to the usual chemical and biological
tests the following tests should be carried out on the parenteral preparations
for their standardization.

/@ Sterility test.
/(PT Pyrogen test.
}c) Clarity test.
ﬁ) Leaker test.
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Since all parenteral preparati
at ioad ¢ ; .
tested for sterility andpmu ;?ns are required to be sterile, they should be

described in U.S. comply with the official test for sterility
iheir final COntailférsTh'F;e tests are performed on all lots of injections in
- Ihe samples may be taken at random to represent

nti :
the entire lot of the preparation. Hence the word ‘Lot for sterility testing

means that group of product contai :
" ontain :
sterilization procedures, ers which has been subjected to same

According to U.S.P. there are two basic methods for sterility testing :

(a) Direct inoculation of test samples on culture media; (b) Filtration
technique.

In the filrect inoculation method an aliquot quantity of the material
undc?r test is transferred to culture tubes containing a measured volume of
a suitable culture medium like fluid Thioglycolate Medium or Thioglycolate

: . This whole operation, 1.e., opening the containers, taking
aliquot quantity of the material under test and transferring it to the culture
medium contained in the tubes must be carried out under aseptic conditions
and every precaution must be taken to prevent the accidental entry of
micro-organisms into the test. These tubes are plugged with sterilized
cotton wool and incubated for seven days at a temperature of 30 to 35°C.
Positive and negative control tubes containing the culture media must be
incubated under same conditions to confirm sterility and growth promoting
properties of the medium. The material under test is considered sterile if
there is no growth of mic ro-organisms in the tubes but if there is any
turbidity or growth then the test must be repeated 2nd time with fresh
sample of material and culture medium because in the first test the bacterial
growth may be due to accidental entry of micro-organisms. If the 2nd test
also shows the growth it may be repeated 3rd time very carefully and if
this time also growth appears then the material fails to pass the sterility
test. A

If the product has antimicrobial properties they must be neutralized or
eliminated by dilution, For solids or oily materials which make the culture
medium turbid and make it difficult to conclude whether the turbidity is
due to microbial growth or due (0 material itself, the normal test may have
to be modified by subculturing the medium. If turbidity in subculture does
not appear the material is sterile but if tur_bid@ty appears it is due to
microbial growth which shows that the material is not sterile.

(b) Pyrogen Testing
Pyrogens

ens are the metabolic products of micro-organisms

P 0 4 R . "
byralgl micro-organisms, 1.¢., gram-negative, gram-positive
Yy < :

and fungi, but

t
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gram-negative bacterias generally produce most potent pyrogenic substances,
ble and non-volatile substances,

They are soluble, filterable, thermosta

Chemically they are lipid in nature, sometimes containing phosphorus and
r an amino acid carrier.

are usually attached to polysaccharide o : . '

When introduced in human beings they cause f;bnle reactions which
include chills and fever with headache and pain In the back and legs.
Pyrogens are rarely fatal but they produce significant discomfort to the
patient. -

The major source of pyrogens in parenteral preparations is the water

used for the preparation of injections which can be rendered free from
pyrogens by proper distillation of water and storing the water _under
suitable conditions which does not allow the bacterial contamination to
take place. Other solvents and chemicals used in the preparation are
another source of pyrogens. Antibiotics produced by.fennentanon process
generally contain pyrogens which must be eff_ec_mfely nemoyed from
pharmaceutical preparations containing these antibiotiCs. Containers and

equipments used in the process may be another source of pyrogens which

can be washed thoroughly with apyrogenic water to reduce the pyrogenic

contents. They can be sterilized by keeping in hot air oven at a temperature
of 175°C for 3 to 4 hours. Pyrogens can be destroyed by heating in an

autoclave in the presence of an acid, alkali or oxidising agent. They can
be removed by adsorbing on some adsorbing agent like activated charcoal,
asbestos pads or aluminium hydroxide gel but this method is not suitable
for pharmaceutical preparations because some of the drugs may also be
adsorbed with the pyrogens. It is better to prevent the introduction of

pyrogens than an attempt to remove them.

(c) Pyrogen Test

Pyrogen.tests are performed on all aqueous parenteral preparations. In this
test (?@lwwm they show similar physiological
response to pyrogemc.subs'tances like that of man but the rabbits are very -
sensitive to external stimuli, therefore they must be h carefully.

Only the healthy and mature rabbits should be used.

The test is made by introducing a suitable quanti o
be tested into the ear vein of the rabbit. Rectal (l]empegt :rfe tgenﬁszg’t tl
2 and 3 hour$ after the introduction of the injection. If there is any rise
in tcn[;i?raturc of 22"_ or more above the normal temperature which has
:ﬁg"me ;?eg;l;z,]g tving the injection, then the test is considered positive
rise in temperature igmams pyrogens but if the rabbits do not show any
Generally 5:8 rabbit en the product is considered free from pyrogens.

————DUS are used for this test and average is calculated. Now

a days number of specia]; ; _ .
pyrogen test. pecialized equipments are available for performing the
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Fig. 12.3 Pyrogen testing.

(d) Clarity Test

The presence of particulate matter in parenteral preparations particularly

those which are given intravenously are of serious concern. The particles

larger than the size of red blood cells are dangerous, they may block the

Blood vessels with serious results. Therefore it is very necessary to check
1 " )

During the preparation of injections the particulate matter may enter
from the environment including shedding from the body and clothes of
persons, ceilings, walls and furniture of the room, from glass and rubber
apparatus, the vehicles and the materials used. The particulate matter may
also be introduced during administration if the infusion sets or syringes
and needles are not properly cleaned and stored.

For checking the clarity of single dose or multidose packagings the
unlabelled containers ar¢ held by the neck against strongly illuminated
screen of which white surface is used for dark coloured particles and black
surface for the detection of light coloured particles. The contents of the

containers are slowly inverted and rotated and the solution examined for
the presence Of turbidity, dust or any other foreign particles. If any

particulate matter is VisibIe, The package is rejected. Certain instrumental
methods have beenm and are widely used in the industries,
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T
(e) Leaker Test

All the ampoules which have been sealed by fusion must be subjected to
leaker test to check that there should not be any passage for leaking of
the contents from the containers. This test is performed by dipping the
ampoules in a deeply coloured dye solution for which 1% solution of
methylene blue is-used. The whole process is carried out in_a vacuum
chamber under negative pressure. When the vacuum is released the
coloured solution will enter the ampoules with defective sealing. After

careful washing of ampoules from outside, the dye can be seen.in the
leaker ampoules.

This test is not performed on vials and bottles because of flexibility of
rubber, moreover the dye will badly stain the rubber stoppers.
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Ophthalmic Products
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Ophthalmic products are the sterile products, meant for instillation
into the eye in the space between the eye lids and the eye balls. These
products must be sterile and are prepared under the same conditions and
by the same methods as other parenteral preparations. Ophthalmic
products include:— |

Eye-drops
Eye-lotions
Eye-ointments
Eye suspensions

: l antact lens solutions.

‘haracteristics of Different Ophthalmic Preparations ¥
Ophthalmic preparations should possess the following properties:—

1. Foreign particles : All the ophthalmic products should be clear
and free from foreign particles, fibres and filaments. Ophthalmic solu-
tions should be clarified very carefully by passing through bacteria proof
filters, such as, membrane filters and sintered glass filters. The particle
size of the eye suspension should be in an ultra fine state of subdivision
to minimise irritation. A separate filter should be used for different

ophthalmic products in order to avoid the contamination.

2. Viscosity : In order to perlong the contact time of the drug in
the eye, various thickening agents are added in the ophthalmic prepara-
tions. Polyvinyl alcohol (1-4%), polyethylene glycol, methylcellulose,
carboxy methylcellulose are some of the commonly used thickening
agents. These agents improve the viscosity of the preparation. An ideal
thickening agent should possess the following properties:—

1. It should be easy to filter.

2. It should be easy to sterilise.
3. It should be compatible with other ingredients.

4. Tt should possess requisite refractive index and clarity level.

273



The thickening agents are not included in the formulatiop of
drops and eye lotions which are required to be used during o aft:
surgery due to some possible adverse effects on the interior of the bos r

3. Tonicity : Ophthalmic products must be isotonic with lachrymg
secretions to avoid discomfort and irritation. It has been obseryeq that
eye can tolerate a range of tonicity from 0.5 to 2% sodium chloride,
There are certain isotonic vehicles which are used to prepare ophthalm;.
products like 1.9% boric acid, sodium acid phosphate buffer.

4. pH of the preparation : pH plays an important role in therapeutic
activity, solubility, stability and comfort to the patient. Tears have a pj
of about 7.4. Eye can tolerate solution having wide range of pH
provided they are not strongly buffered, since the tears will rapidly
restore the normal pH value of the eye. Alkaloidal salt solutions are
stable at pH 2 to 3 but this pH is irritant to the eye. The alkaloids get
precipitated at pH above 7 and creates a number of formulation problems.

5. Sterility : Ophthalmic preparation must be sterile when pre-
pared. Pseudomonas aeruginosa is very common gram negative bactena
which is generally found to be present in ophthalmic products. It may
cause serious infection of cornea. It can cause complete loss of eye-
sight in 24-48 hours.

To maintain sterility in multidose container containing ophthalmic
products, a suitable preservative is added. The preservative should be
non-oxic, non-irritant and should be compatible with medicament(s):
The ophthalmic products are generally sterilised by autoclaving, filtra-

tion, through bacteria proof filters and addition of bactericide at low
lemperature,

havez{)ggx;fvattzg activ?'ty : Vehicles used in ophthalmic preparation must
surfactants o: g ?blhty to penetrate cornea and other tissues. Certail
Ophthalmic ro:cumg agents are added which are found suitable for
Beﬂzalkoniulzn Cﬁfts: It should not cause any damage to tissues of ?ye.
Sulpho-succinat oride, polysorbate 20, polysorbate 80, dioctyl sodium

> €lc, are some of surfactants, which are commonly

used/



Types of Ophthalmic Products

ious ophthalmic products include :
Eye drops |
Eye lotions
Eye suspensions
Contact lens solutions
Eye ointments
Ophthalmic inserts. )

AN B W

(lls. Eye Drops

ye drops are sterile aqueous or oily solutions or suspensions for -

instillation into the eye. They are usually applied into the space between
the eyeball and eyelids or on to the corneal surface. The main requirement
of eye drops is that they should be sterile, usually isotonic, buffered and
free from foreign particles to avoid iritation to the eye. They usually contain
substances having antiseptic, anaesthetic, anti-inflammatory, T ydnatic or
miotic properties or substances used for diagnostic purposes.



LZ. Eye Lotions

Eye lotions or eye washes are sterile aqueous solutions used for irrigatin
the eye. Sodium chloride eye lotion isqused to remove foreign substgance%
from the eye. They are usually applied with a clean eye-bath or sterile
fabric dress? and a large volume of solution is allowed to flow quickly
over the eye.

Eye_ lotions are usually supplied in concentrated form and are required
to be diluted with an equal volume of warm water immediately before use.
They should be freshly prepared and should not be stored for more than
2-3 days_as they may be contaminated with microorganisms on prolonged
storage.(Eye lotions should be isotonic and free from foreign particles to
avoid | tion to the eye. The drugs used for preparing eye solutions
include sodium chloride, sodium bicarbonate, boric acid, borax or zinc

sulphate.

3. Eye Suspensions

Eye suspensions are not commonly used as compared to eye drops. They
are only prepared when the drug is insoluble in the desired vehicle or

unstable in solution form.)They are also used to produce the sustained
action of the preparation. Eye suspensions should have the following

characteristics :
_A. They should be sterile.
~ They should be isotonic, buffered and suitably preserved.
. They should be of the desired viscosity.
~ They should be packaged in dropper type containers.
5. The particle size of the suspension should be non-irritating to the

eyes. |
6. The suspended particles must not agglomerate into large ones on

_storage.



C‘. Contact Lens Solutions
Contact lenses are genera made from hard hydrophobic plastic known
as polymethyl methacrylate/but now a days some softer hydrophobic lenses

are also used.
The wearers of hard contact lenses generally use two types of solutions,

(a) One before inserting the lenses into the eyes which is known as
wetting solution.

() The other one used for overnight cleaning, soaking and storage which
is known as storage solution. '

(a) Wetting Solutions ‘\
Because of the hydrophobic nature of the polymethyl methacrylate it is
poorly wetted by the lacrymal fluid of the eye and requires moistening
with a wetting agent to render the surface of the lens hydrophylic, make
the insertion easy and comfortable.

Since the contact lens solutions are used daily and years together so
they must be prepared very carefully and the ingredients used should be
of highest quality. The formulation of contact lens solutions may include
a wetting agent, buffering agent, a thickening agent, a substance for
- adjusting the osmotic pressure, a preservative and a vehicle. The vehicle
used is generally purified water. Tap water is not suitable because the
dissolved salts present in it may lead to irritation in the eye.

(b) Storage Solutions

The contact lenses must be cleaned after use.
they are cleaned with wetting solution and rinse
they are stored in a soaking solution with the in
cleaning process and prevent dehydration.

The formulation of storage solutions generally contain :

(1) f\ non-ionic surface active agent which will help in cleanin
enses.

(i) A blend of preservatives to prevent the bacterial growth. The
solution should be changed after every few days because the
preservatives may be practically inactivated by the organic
materials present in the form of debris. |

After removing from the eye
d with purified water. Then
tention to continue the

g the



( S. Eye Ointments

€s¢ omtments are meant fo application to the eye. They should be
sterile and free from -irﬁtation> The ointment base selected for an eye
ointment must be non-irritating to the eye and must permit the diffusion

of the drug throughout the secretions of the eye and must melt close to
the body temperature.

For the preparation of eye ointments the eye ointment base B.P. is used
This base consists of :

Yellow soft paraffin - 80%
~Liquid paraffin 10%
~Wool fat

0% )



4 _ # EYE DROPS &
Eye drops are sterile aqueous or oily solutions or suspensions of
drugs that are instilled into the eye with a dropper. They usually contain

drugs having antiseptic, anaesthetic, anti-inflammatory mydriatic or mei-
otic properties.
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gsential Characteristics of Eye-drops ®

1. They should be sterile,
They should be iso-osmotic with lachrymal secretions
They should be free from foreign particles, fibres amli-ﬁlaments
They should have almost neutral pH. 4
They should be preserved with a suitable bactericide.
They should remain stable during its storage.

g S e e

Formulation of Eye-drops &
The eye drops arc prepared in 4 stages. These stages are as under.—

1. Preparation of bactericidal and fungicidal vehicle : The aque-
ous or oily vehicle is used in the preparation of eye-drops. The aqueous
vehicle may support bacterial or fungal growth, so one of the following
bactericide may be used to preserve the eye-drops:—

(i) Phenylmercuric nitrate/acetate  0.002%

(ii) Benzalkonium chloride 0.01%
(iii) Chlorohexidine acetate 0.01%

Phenylmercuric nitrate should not be used in eye-drops which are

intended for prolonged treatment. Similarly benzalkonium chloride is
not suitable as preservative for eye-drops containing local anaesthetics.

2. Preparation of solution of medicament(s) and adjuvants : The
medicament(s) are dissolved in the aqueous vehicle containing suitable
antimicrobial agent. The adjuvants are also dissolved in the vehicle at
this stage to form a stable preparation.

3. Clarification : The eye-drops are clarified by passing the solu-

tion through membrane filter having pore size of 0.8 pm. The clanfied
solution js immediately transferred into final containers and sealed t0

exclude micro-organism.

4. Sterilisation : The eye-drops @
heating with bactericide a 98° to 100°
through bacteria proof filter.

5. Containers : The eye-drops should be packed in neutral glass
containers or in @ suitable plastic containers. In olden days, the ﬁyﬁ'd
drops were stored 1n vertically fluted amber coloured glass bottles fli'ne't
with a bakelite cap carrying 4 dropper. The bottle must confot;; tgo:g:s
test for alkalinity of glass. Now-a-days, neutral glass sm R
having capacity of 4 ml t0 g ml are used. It has two polypropy

' i container and
Screw caps, one for attaching he

re sterilised by autoclaving or
C for 30 minutes or filtration

a silicon rubber teat to t
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the other for covering the teat. The plastic squeeze bottles having rigiq
plastic cap and polythene friction plug containing baffle that Produce

FLUTED
COLOURED oAl
BOTIE FLANGE |
— Mo
‘ — cAp
/' | — cap
" el 11 ey
L DROPPER
TUBE
o
L.

Fig. 12.1 Various containers for eye-drops

uniform drops are also used these days. These are very handy. These
bottles are sterilised by gaseous sterilisation method.

Labelling ®
Eye-drops should be labelled ‘For External Use Only’ along with
storage conditions to maintain full activity.

_Adjuvants used in the preparation of eye-drops : The following
adjuvants are used in the preparation of eye drops:—

L. Thickening agent : The thickening agents, such as, methyl
cellulose, carboxy methyl cellulose, polyvinyl alcohol, polyethylene gly-
col are used to increase the viscosity of eye-drops. It will also help to
prolong the contact time of the drug in the eye.

e 2. Buffers : Buffers are added to adjust and maintain the pH of the
. eye-drops.  The pH of t

tabili of the eye drop is adjusted to maintain chemical
ls; ility ctlo reduce discomfort and to improve clinical response. The
bzg‘; r:“ » Sodium acig Phosphate, sodium citrate are commonly used &

3. Anti-oxidants ; They are added in several eye-drops to provide

Vs -~alon. . Sometimes the eye-drops are protected from
oxidation by replacing the air j5 ghe container with l;n iner!t) gas. Sodium

metabisulphite (0.05 to 0.5%) an ; ) o
commonly used as antioxidg . d sodium thiosulphate (0.1 to 0.2%)
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Proper penetration of eye-
20 and polysorbate 80 are

4,. Wetting agents : These are used for
drops into th.e comnea of the eye. Polysorbate
gsed as wetting agent.

5. Isotonicity adjustment substa

tonic with the lachrymal secretion wi
other solutions.

nces : Eye-drops are made iso-
th the help of various buffers and

Precaution Used in Handling Eye-Drops &

The following precautions are required to be observed while using
eye drops:— .
1. If the dropper is separate, always hold it with its tip down.

Never touch the dropper surface.
Never rinse the dropper.
Never use eye-drops that have changed colour.

When the dropper is at the top of the bottle, avoid contaﬁﬁnating
the cap when removed.

6. After instillation of drops, do not close eyes tightly or blink
more often than usual as this may remove the medicine from the

place where it is needed.
Example 12.1 Prepare and dispense 100 ml of atropine eye-drops
B.P.C.

noR W N

Atropine sulphate 1 g
Phenylmercuric nitrate 50.0 ml
Solution 0.002 %

Purified water, add upto 100 ml

Make an eye-drops.
:rection : To be used as directed. |
}Ll);;i:od : Dissolve phcnylmcrcuric nilraFe in purified “_falegoan;l] lpr:‘:—f
pare 0,002% solution. Dissolve atropine sulphatte ::akc L
phenylmercuric nitrate solution. Add purified T\jsvaterf ro e
Filter the solution through membrane filter. l'ﬁlssofé for 30 minutes.
final container and sterilise it by autoclaving at

Clean the bottle, label and dispense.

2 PP Y | cVe



@ EYE LOTIONS B

aqueous solutions used for washing of the eyes.
lied in concentrated form and are required to be
diluted with warm water immediatel)f .before use. Tl.ley are usually
applied with a clean eye-bath or ster111§ed fabric dressing and a large
volume of solution is allowed to flow quickly over the eye.

Eye lotions should be isotonic and free from foreign particles to
avoid irritation to the eye. They are required to be prepared fresh and
should not be stored for more than two days as the lotion may get
contaminated with micro-organisms. The drugs used for preparing eye
solutions include sodium chloride, sodium bicarbonate, boric acid, borax

or zinc sulphate.

These are the sterile
The eye lotions are supp

Formulation of Eye-Lotions &

Eye lotions are simple solution. They are iso-osmotic with tears
because they cause much greater dilution of the lachrymal fluid and,
hence, are more likely to cause discomfort if not adjusted. The eye-
lotions should be sterile because the large volume is used to remove the
irmitant from the eye. While removing the irritant from the eye, it
become more susceptible to infection. The eye lotions are sterilised by
autoclaving or by passing through bacteria proof filters.

Sodium - chloride eye lotion and sodium bicarbonate eye lotion are
commonly used to remove foreign substances from the eye.

Example 12.3 Prepare and dispense 100 ml of sodium chloride eye
lotion B.P.C.

R
Sodium chloride 9 g

Purified water to produce 1000 ml
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Method : Dissolv.e sodium chloride in purified water and made the
final volume by adding more of purified water. Filter through sintered
glass filter grade 4. The eye lotion is transferred to the bottle. Close

and sealed the bottle sterilise it by autoclaving. Clean the bottle, label
and dispense. ’

Example 12.4 Prepare and dispense 100 ml of sodium bicarbonate
eye lotion.

R |
Sodium bicarbonate 35 ¢
Purified water to produce - 1000 ml

Method - Dissolve sodium bicarbonate in purified water. Add more
of purified water to make final volume. Filter through sintered glass
filter grade 4. The eye lotion is transferred to final container. Close and
sealed it. Sterilise it by autoclaving clean the bottle, label and dispense.

Storage ¥ |

Eye lotions are supplied in amber coloured screw capped fluted
bottles. The containers must be labelled clearly “For External Use
Only” and avoid contamination during use and discard any unused part
after 24 hours.
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pohal” Qe Contact lens Lfolutions? L asite

6. They should be packed in a suitable container, so that it can be
easily instilled into the eye.

o

A £p
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CONTACT LENS SOLUTIONS & ¢ "%, (4'fe n

Contact lenses are usually made from polymethyl methacrylate which
is a hard hydrophobic plastic. Nowadays, some softer hydrophilic lenses

are also used.

Hard Contact Lenses & 1
Wearers of hard contact lenses generally use two solutions:—

1. Wetting solution : It is used primarily for treating the lenses
before insertion. Due to its hydrophobic nature, polymethyl methacrylate
is poorly wetted by the lachrymal fluid of the eye. Hence, the contact
lenses requires moistening with a wetting agent to make the insertion
easy and comfortable. Since the contact lens solutions are required to be
used daily for years together, therefore, they should be prepared carefully
and all the ingredients used should be of good quality.

The formulation of contact lens solution may contain a wetting agent,
thickening agent (cellulose derivative), antimicrobial agent (bemzalko-
nium chloride, chlorohexidine), isotonicity adjusters (sodium chloride)
are also added to prepare wetting solutiori.

2. Storage solution : It is used for overnight cleansing, soaking
The contact lenses after its removal from the eye are

and storage.
cleaned with wetting solution and rinsed with purified water, ~Thea they .
are stored in a storage solution to prevent dehydration. ' o

The formulation of storage solution contains a non-ionic
active agent which will help in cleaning the contact lensgs.
contains preservatives to prevent the microbial growth, . 7] o

e J

33

e
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should be changed after every few days becapse ,tlff,“"‘prese:yatj'vcs may—;:;;“ -
A = T . "

be practically inactivated by the orgamc.mat’e'rials present mthéfogm‘i)f
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Contact lens solutions should be sterile. The label shoul
w

against contamination during use and encourage frequent chap,. 0
| ' Nges

storage solution. %

Soft Contact Lenses & |
These are soft flexible type lenses. Certain medicaments ¢
'om eye

drops and preservatives from wetting and storage solutions ar
absorbed by the soft contact lenses. Due to this reason patieme Strongly
soft contact lenses sh.ould be advised to remove them befores‘we:a%n
mom;ﬂ Ft;)r cleaning, sqft contact lenses are heated in 0.9%m:0u£mg
S shoullld olr:(.)t 'Igle wet(timg and storage solution used for hard conluln
available. The wetti:g 1cl)?ﬂ-:sc;ft ciiiiztﬂlef;zﬁi?m Storalfle 2 itiog t:rc;
e c not a proble

hydrophilic nature of the lens. The storage solutiolzl shounlldbl?: asl::;l(;f

an

signed to minimise th
e chances of microbi
wsoduct. The gl microbial contaminati
olutions are generally stored in plastic con .2:3 th the
tai with in-

built dropper which
o /ent the return of used or excess solutions to the

-y



