
OPTIMIZING OXIDATIVE STABILITY
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The Committee for Proprietary Medicinal Products 
(CPMP)
EMEA

full explanation and justification 
for including antioxidants in the drug formulation

Specific evidence must be provided :
1. demonstrates their use cannot be avoided 
2. and its concentration must be justified in terms of efficacy and safety
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دارای گروھھای داروھای کوچک مولکول 
:عاملی

• phenols
• Catechols
• thioethers

Epinephrine, phenylephrine, 
dobutamine, dopamine, 
morphine, Terramycin, 
ascorbic acid, Menadione
, and …

Easily oxidized in 
solution 3

:پروتئینھای حاوی اسیدآمینھ
• methionine
• Cysteine
• Cystine
• Histidine
• Tryptophan
• Tyrosine

ین بستھ بھ کنفورماسیون پروتئ
و مواجھھ آمینو اسید حساس با 
حلال و محیط

:یتیک یا فوتول/داروھای مستعد تخریب اکسیداتیو و

free-thiol group may oxidize: 
• incorrect disulfide bridge, 
• alkylation
• addition to double bonds
• complexation with heavy metals.

• Human GH
• Chymotrypsin
• Lysozyme
• Parathyroid 

hormone
• Human FCSF
• Insulin like GF1
• Fibroblast growth 

factors
• MAB OKT3
• interleukin 1
• Glucagon 



• dissolved oxygen in solution
• light exposure
• high temperature
• solution pH
• free radicals
• Hydroxyl ions
• metal ions (ppm, even ppb)
• impurities in excipients :

• such as peroxide

شرایط محیطی کاتالیز کننده تخریب اکسیداتیو
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several approaches to protect 
the product from oxidative 
instability



minimizing drug oxidative degradation 
requires a combination of several approaches:
• not only formulation
• but also hermetic packaging
• oxygen-free processing and table 8-2
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:در فرمولاسیون پروتئین ھا 80حضور توئین 
 surface aggregationکاھش مشکلات •
پروتئینھا در  cysteine و methionine اثرتخریبی اکسیداتیو: بخاطر تولید پراکسید•

• Neupogen R 

• recombinant human ciliary neurotrophic factor
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:Excipientsمثال تداخل اکسیپیانتھا
• Source of trace metals & peroxides



Oxidation potential :بھ حداقل رساندن اکسیداسیون با
افزایش پتانسیل اکسیداسیون دارو

میشودEباعث افزایش پتانسیل اکسیداسیون pHکاھش 

Nernstمعادلھ ساده شده نرنست 
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pH-dependent oxidative 
degradation morphine can be stabilized by 

• lowering the pH
• adding an antioxidant (such as ascorbic acid, 

which will be preferentially and reversibly 
oxidized between pH 5 and 7)

morphine

Presenter Notes
Presentation Notes
E0 is the standard oxidation potential, R the gas constant, T the absolute temperature, and constant 2 represents the number of electrons taking part in the oxidation–reduction reaction.



انتخاب آنتی اکسیدان موثر
3 groups antioxidants

• Formulation (aq. ,  Non-aq.)
• Packaging
• Time of addition of the antioxidant
• Concentration of antioxidant
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1- True antioxidants:
با رادیکالھای آزاد واکنش میدھند 

chain terminationبا مکانیسم 
• Alpha-tocopherol 
acetate
• BHA (oily products),i
• BHT (oily products)
• Alkyl gallates: (fat & oils)

• Dodecyl gallate
• Propyl gallate,i
• Octyl gallate

2. Reducing agents:
آماده (پائینتر از دارو redoxدارای پتانسیل 

)تر از دارو برای اکسیده شدن
• Ascorbic acid
• Sodium metabisulfite (acidic 

preparations)
• Sodium bisulfite
• Sodium sulfite         (alkaline 

preparations)
• thiols (oxidize too readily):

• thioglycerol 
• thioglycolic acid

• Glutathione (blocking the light-catalyzed 
oxidative chain reaction in menadion)

پس حین عمر قفسھ ای دارو، مصرف میشوند

3. Antioxidant synergists 
(Chelating agents )

افزایش اثر آنتی اکسیدانھا
 Citric acid
 Disodium edetate
 Sodium citrate
 Tartaric acid

Antioxidant in combination
bi-functional

i, antioxidants possess antimicrobial 



Table 8.4 summarizes the antioxidants
, their frequency of use, concentration range, examples of product containing them.
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Table 10.10 lists some standard oxidation potentials.Antioxidants 
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Antioxidants 
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:تھا بی سولفیداروھا توسط غیر فعال شدن برخی 

)ر فعالغی(تولید اپینفرین سولفونات : اپینفرین •

)  اپارابنھ(ھیدروکسی بنزیل الکلھا -اورتو و پارا•
غیر فعال میشوند

:عوارض سولفیتھا در فرآورده ھای تجویز تزریقی
flushing, pruritus, urticaria, dyspnea, bronchospasm 
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سمیتھا و ناسازگاریو تداخلات
اکسیددیسولفورنمکھای 

:  با وقوع اکسیداسیون
ولفات تبدیل میشوندسولفیتھا بھ س•
شیشھ مقادیر کم باریم یا کلسیم استخراج شده حتی از•

تولید سولفات نامحلول میکندIنوع 
لزوم پایش حضور ذرات ریزدر ظروف شیشھ ای •

حاوی فرآورده داروھای سولفاتھ یا دارای آنتی 
اکسیدانھای سولفیتی 



OPTIMIZING OXIDATIVE STABILITY احتیاطھای لازم 
برخی آنتی اکسیدانھا•
برای برخی فرمولاسیونھای دارویی•

examples

+Fe3در حضور اکسیژن و : اسکوربات

ای کوچک القای اکسیداسیون متیونین در پپتیھ

:یک دھنده الکترون قویاسکوربات
)سیل میکندتولید گونھ ھای اکسیژن بسیار واکنشگر نظیر ھیدروژن پراکسید و رادیکالھای پراک(براحتی اکسیده میشود بھ دھیدرواسکوربات 

:در حضور اسکوربیک اسید 
یکندبافر فسفات ، تخریب متیونین را تسریع م

The addition of EDTA did not enhance stability even though ferric ion and other transition metals were 
components in the formulation, either purposely added or as trace components of the buffer and peptide. 

:ورباتاکسیدانت، اکسیداسیون متیونین اسک-اثر پرو
وابستھ بھ غلظت است•
محیا میشودpH 6 to 7در •
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:اسکوربیک اسید
)نظیر فنیل افرین (alkalis & oxidizing materialsناسازگار با •



Compatibility of antioxidants

Compatibility of antioxidants with:
  the drug
  packaging system
  and the body

should be studied carefully

For example,:
• tocopherols (absorbe on to plastics
• propyl gallate forms complexes 

with metal ions (such as sodium, 
potassium and iron)
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OPTIMIZING OXIDATIVE STABILITY انتخاب عوامل شلاتھ کننده

:کمک بھ
مھار تشکیل رادیکال آزاد•
مھاراکسیداسیون ماده موثره•
•complex trace heavy metal ions

• copper
• Iron
• Calcium
• Manganese
• zinc.

15

:چندین فرمولاسیون تجاری 
کھ تمام نیاز با شلات کننده مرتفع شده•
ھیچ آنتی اکسیدانی در فرمولاسیون ندارند•
metal-catalyzed oxidationمحافظت ماده موثره علیھ •

• Nebcin R

• Decadron-LA R 

• VersedR , 
• Cleocin R 



OPTIMIZING OXIDATIVE STABILITY عوامل شلات کننده
کاربرد و احتیاطھا

disodium ethylenediaminetetraacetic acid 
(DSEDTA)

• very low concentrations ( ≤0.04% )
:انحلال بسیار آھستھ•

جزء اولین اجزای فرمولاسیون حین آماده •
سازی محصول

قبل از سایر اجزا حتی ماده موثره•

2-Citrate buffer :
شلات کننده

موثر استDSEDTA کمتر از
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OPTIMIZING OXIDATIVE STABILITY

(DSEDTA)موارد احتیاد مصرف 
DSEDTAباعث تسریع تخریب اکسیداتیو

متیونین در محلول
human insulin-like growth factor I:

اکسیداسیون متیونین با وجود نور، •
EDTAیونھای فریک در حضور 

•EDTA فعال میکنند یونھای فریک را با انتقال
الکترونھا از یونھای فریک بھ یونھای فروس 

زه متیونین موجود در پروتئین، توسط نور، رادیکالی•
یشودمیشود و سپس بھ متیونین سولفوکسید اکسیده م

تخریب نور ھمپنین باعث تولید رادیکاھای ھیدروکسیل با•
آب میشود کھ اکسیده کننده متیونین خواھد شد
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در فرمولاسیونھای  DSEDTAمنع استفاده 
:متالوپروتئینھا

• Insulin
• hemoglobin
• fibrolase 

metalن ، بخشی از کنفورماسیون پایدار ای
پروتئینھاست

را در فرمولاسیون پروتئین ھا وارد کندEDTAفرمولاتور بدون پشتوانھ علمی 
بدون تعیین دقیق کمک واقعی آن در پایدارسازی اکسیداتیو پروتئین



OPTIMIZING OXIDATIVE STABILITY
Inert Gases

Nitrogen
Argon (expensive)

Helium (expensive)

Inert gases are frequently used in production of sterile dosage forms:
must be :

• high quality grade 
• be sterilized, usually with a 0.22-m hydrophobic membrane filter
• The integrity of the gas filter is tested before and after use
•  by diffusion flow methods

Argon, more efficient in displacing oxygen
 because it is heavier than air
 and will more readily stay in the vial compared to nitrogen
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OPTIMIZING OXIDATIVE STABILITY
Inert Gases

Inert gases are frequently used in production of sterile dosage forms:
• solution saturation 
• headspace

Addition to water and compounding solutions prior to aseptic filtration saturates the solution and 
minimizes the level of dissolved oxygen. 
However, oxygen is never completely displaced with an inert gas when the solution is sparged.

dual needle 
that permits simultaneous filling of a liquid and purging of gas at the same time. 

Inert gas introduced into the headspace of a filled vial right before the vial is stoppered with a 
rubber closure theoretically displaces oxygen in the headspace.
 Again, a dual needle can be used to fill solution and purge gas into the final container at the same 
time.
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OPTIMIZING OXIDATIVE STABILITY Packaging and Oxidation
if the packaging system is inadequate from an integrity standpoint
 the product will readily degrade

SVP injectable products are packaged in: 
• Ampule 
• glass vials with rubber closures 
• syringes with rubber plungers.

The rubber-glass interface
and the oxygen transmission coefficient of the rubber closure 
will dictate the quality of the container/closure system

20



OPTIMIZING OXIDATIVE STABILITY

Oxygen transmission coefficients

Packaging and Oxidation

Rubber formulations having the lowest oxygen
transmission coefficients are:
•  the synthetic butyl type
•  the synthetic halobutyl type
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OPTIMIZING OXIDATIVE STABILITY Packaging and Oxidation

The formulator should determine from  the rubber manufacturer 
how the halobutyl rubber is cured (shaped, molded):

• common curing agents are :
zinc oxide
  aluminum,
  and peroxide

which potentially can leach out of the rubber formulation with time and 
catalyze oxidative degradation

curing agents 
leach out of the rubber formulation with time 
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Many drugs are sensitive to light:
• Catecholamines
• Cephalosporins
• Aminoglycosides
• some steroids
• Iron containing molecules
• and many others)

OPTIMIZING OXIDATIVE STABILITY Packaging and Oxidation

داروھای حساس بھ نور

Effective packaging is the primary (in most cases only) way 
to protect drugs from light degradation:

1. Good light protective secondary packaging
2.  use of amber-colored primary packaging :

• more expensive 
• difficult to inspect for particulate matter

3.   maintaining product storage in the dark

There is no practical formulation approach 
to stabilize light-sensitive drugs;
 good packaging is the key to protect against 
light degradation
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Preservatives مواد محافظ ضد میکروبی

Contamination source:
موادبستھ بندي ، لوازم   مواد خام،
كاركنان ،٬تولید ،

محیط ساخت ، فرد مصرف كننده

Ideal preservatives:

Broad spectrum of M.O.
Stable 
Non-toxic, non-alergic
Soluble

Pharmacopoeia: It is imperative that 
“preservatives should never be used as a 
substitute for inadequate cGMP”

Rational منطق استفاده



Not for:
•  LVPs

• single-dose SVPs (according to USP)

• Drug itself bacteriostatic

• Injected via intracisternal,
• Injected retro-ocular which access 

cerebrospinal fluids

• Prohibited by compendial monograph:
Methohexital sodium for injection
Most of cytotoxic anticancer products

Antimicrobial preservative
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Antimicrobial preservative

• Multiple-dose containers:
• to prevent growth of microorganisms which may 

accidentally enter the container during withdrawal 
of the dose

• SVPs (according to BP and Ph.Eur)
 Ph. Eur. and BP allow aqueous preparations (less than 15 ml) 
 manufactured using aseptic techniques (not terminally sterilized) 
 to contain suitable preservatives

26

Rational



Preservatives  مواد محافظ در محصولات لیوفیلیزه
in lyophilization

Several preservatives can volatilize easily:
•  (e.g., benzyl alcohol, phenol)
 and therefore should not be used in a lyophilized dosage form

Preservative in diluent
Rarely in freeze dry formulation
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USP:
some restrictions on the maximum concentration 
of preservatives allowed in a formulation
 to address:

• toxicity (contraindicated in Neonates)
• allergic reactions (allergic to mercury )
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Minimizing 
preservatives

WHO:
an estimated total 
acceptable daily intake
 for sorbate (as acid, 
calcium, potassium and 
sodium salts): 
as not more than 25 mg/kg 
body weight
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Antimicrobial preservative effectiveness test (PET) 
USP chapter 51

The test typically consists of inoculating 105–106  CFU/mL microorganisms
(e.g., bacteria and fungi) per container at time zero and evaluating the log reduction over time.

The criterion used for passing this test is as follows:

Satisfactory PET results on finished aqueous preserved parenteral product in the commercial package can be used up to a 
maximum of 28 days after the container has been opened.
Un-preserved product should preferably be used immediately following opening, reconstitution or dilution   
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1. Acids
• Phenol, cresol
• Parabens

2. Quaternary ammonium
• Benzethonium chloride
• benzalkonium cl

3. Mercurial
• Phenylmercuric ,
• Methyl mercuric

4. Neutral:
• Benzyl alcohol
• Chlorobutanol
• Myristyl gamma picolinium Chloride

Preservatives:
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http://www.google.com/url?sa=t&rct=j&q=myristyl%20gamma%20picolinium%20cl&source=web&cd=5&cad=rja&uact=8&ved=0CEYQFjAE&url=http%3A%2F%2Fottokemi.com%2Fproducts-details%2F4277-89-8.aspx&ei=4b96U4GIN6Wo0AWy9oC4Cg&usg=AFQjCNHEfCc4y9l1KXubrUeHxfy0rAI2kA&sig2=5s4_HBpykwwwLMMH79s5LQ&bvm=bv.67229260,d.d2k
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Benzyl alcohol is an aromatic primary alcohol
 and is effective against most Gram-positive bacteria, yeast, and mold 
But is less effective against Gram-negative bacteria. 

Its solubility in water is 1 in 25 (w/w) at 25°C.

 The optimum antimicrobial activity occurs at pH less than 5 and is 
less active above pH 8.3. 

It may be stored in glass or metal containers or in polypropylene 
containers coated with Teflon or other inert fluorinated polymers

Benzyl alcohol
most common 
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have a broad spectrum of antimicrobial activity at a pH range of 4–8 but 
are more effective against yeasts and molds when compared to bacteria.

Antimicrobial activity is normally enhanced when combinations of parabens are used with 
excipients such as PG, phenylethyl alcohol, and edetic acid 

Aqueous solutions of parabens are stable at a pH range of 3–6 but degrade by hydrolysis at pH 
greater than 8. 

The solubility of methylparaben and propylparaben in water is 1 in 400 (w/w) at 25°C, and 1 in 
2,500 at 20°C, respectively

Due to inherent low solubilities, sodium salts are frequently utilized in the final dosage forms.

Parabens are benzoic acid esters
2nd most common 
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Phenol is:
•  a bacteriostatic when present in 1% w/v solution
 and
• has activity against mycobacteria, fungi, and viruses

The solubility of phenol in water is 1 in 15 (w/w) at 20°C.
 Aqueous solutions of phenol are stable, can be sterilized by dry heat or autoclaving, 
and should be maintained in containers that are protected from light.

 Phenol is incompatible with albumin and gelatin, which will result in precipitates 
possibly due to phenolinduced denaturation of these molecules.

 There is a low likelihood of adverse reactions from phenol in parenteral products due 
to the low concentrations used in these products.
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especially in vaccines
 even though some individuals are sensitive to mercurics 

thimerosal 
also common
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Chlorocresol 
is purported to be a good preservative for parenterals
but no currently marketed parenteral products containing 
chlorocresol were found

Chlorocresol

British Pharmaceutical Codex and Martindale
 list chlorocresol for preservative use in multi-dose aqueous injections 
At concentration of 0.1%,
 but no examples of injectable products have been provided.
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فرآورده داشتھ باشد؟پایداریآیا پرزرواتیو میتواند اثربر 
علاوه بر محافظت در برابر آلودگی

For example:
Phenolic preservatives have a profound effect on the conformation of 
insulin in solution 
 and the assembly of the specific type of LysPro insulin hexamer

 Furthermore, phenol and/or m-cresol in insulin solutions will have a 
tendency to be adsorbed by and permeate rubber closures 

Therefore, rubber formulations must be designed to minimize these 
potential problems.
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فرآورده شود؟ناپایداریآیا پرزرواتیو میتواند باعث افزایش 

APs are known to interact with proteins and can cause stability 
problems such as  aggregation. 
For example, phenolic compounds will cause aggregation of hGH.

 Benzyl alcohol, above certain concentrations and depending on other 
formulation factors, will interact with recombinant human 
interferon- causing aggregation of the protein
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Antimicrobial selection

main consideration:

• Compatibility:
• Binding with surfactant, pharmaceuticals, rubber closers
• parabens binding to polysorbate

• Effectiveness
• Irritation 

Antimicrobial preservative effectiveness test USP chapter 51
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 its effects depending on such factors as:
• the degree of deviation from tonicity
• the concentration
• the location of the injection,
• the volume injected
• the speed of the injection
• the rapidity of dilution and diffusion

Osmoticity 
is of great importance in parenteral injections
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When formulating hypotonic parenterals,
they usually have tonicity adjusted by the addition of

glucose 
or sodium chloride
Or…
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Hypotonic and hypertonic solutions usually are administered :
• slowly
• in small volumes
• or into a large vein such as the subclavian

where dilution and distribution occur rapidly.
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Excessive infusion of hypotonic fluids may cause:
• swelling of red blood cells
• hemolysis
• and water invasion of the body’s cells in general
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Excessive infusion of hypertonic fluids leads to a wide variety
of complications  For example:

the sequence of events when the body is presented with a 
large IV load of hypertonic  fluid, rich in glucose, is as 
follows: 
hyperglycemia, glycosuria and intracellular dehydration, 
osmotic diuresis,
loss of water and electrolytes, dehydration, and coma
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Formulation principles: Tonicity 
Isotonic: 

• less irritating
• less toxicity
• less hemolysis

1. Not essential that all injections be isotonic:
• Hypertonic SC, IM:

• Facilitate absorption, 
• Local effusion of tissue fluids

• IV: Isotonicity becomes less important:
• If “Slow infusion”: good dilution

2. Intraspinal: must be isotonic, slow circulation of 
cerebrospinal fluid
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Tonicity adjusting agents:
• Same osmotic pressure as blood plasma
• Membrane of RBC 
   lose of fluid
   Shrinkage
  swelling

Isotonic: LVPs, Aqueous SC, id, im , intrathecal 
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there are four properties of solutions that depend only on the 
number of particles in the solution. They are:

1. osmotic-pressure elevation

2. boiling-point elevation

3. vapor-pressure depression

4. freezing-point depression.

colligative properties

49



freezing point of normal, healthy 
human blood is –0.52°C.

it is assumed that any aqueous solution 
freezing at –0.52°C is isotonic with blood
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The usual practice is to add either sodium chloride
or glucose to adjust hypotonic parenteral solutions to isotonicity.

Certain solutes, including:
 ammonium chloride, boric acid, urea, glycerin, and propylene glycol
 cause hemolysis even when they are present in a concentration that 
is iso-osmotic, and such solutions obviously are not isotonic and do 
not act as a solvent, semi-permeable membrane

Isotonicity/iso-osmotic
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fluids with an osmolality of 50 mOsmol or more above normal are 
hypertonic; 

and if they are 50 mOsmol or more below normal, they are hypotonic

Hypertonic/ hypotonic

normal serum osmolality to be 285 mOsmol/kg
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Osmometer
For freezing point depression measurement

˂785˃ Osmolality and osmolarity
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methods to calculate tonicity:
1-Sodium chloride equivalent method

the most convenient

The sodium chloride equivalent of a substance :
can be determined from
 its ability to lower the freezing point of water

A 1% sodium chloride solution has a freezing point of −0.58°C
 and is assigned a sodium chloride equivalent, E, of 1.00

The freezing point of blood (serum) is −0.52°C
 the same as a 0.9% w/v solution of sodium chloride
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Sodium Chloride Equivalent 
Method

A sodium chloride equivalent, E value, is defined 
as the weight of sodium chloride that will produce 
the same osmotic effect as 1 g of the drug
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For example, in Appendix A, 

Dexamethasone sodium phosphate has an E value of: 
0. 18 g NaCl/g drug at 0.5% drug concentration
0.17 g NaCl/g drug at 1% drug concentration
and a value of 0.16 g NaCl/g drug at 2% drug

This slight variation in the sodium chloride equivalent with 
concentration is due to changes in interionic attraction at 
different concentration of drug
 the E value is not directly proportional to concentration,
as was the freezing-point-depression.
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methods to calculate tonicity:
2-Liso
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Isotonicity/iso-osmotic

normal serum osmolality to be 285 mOsmol/kg

as
serum osmolality increases due to water deficit, the following
signs and symptoms usually are found to accumulate progressively
at approximately these values: 294 to 298—thirst (if the
patient is alert and communicative); 299 to 313—dry mucous
membranes; 314 to 329—weakness, doughy skin; above 330—
disorientation, postural hypotension, severe weakness, fainting,
CNS changes, stupor, and coma. As serum osmolality decreases
due to water excess, the following may occur: 275 to 261—
headache; 262 to 251—drowsiness, weakness; 250 to 233—disorientation,
cramps; below 233—seizures, stupor, and coma

Hyperosmoticity of parenteral medications serves as an indicator for 
potential risks, including thrombophlebitis, pain at injection site, 
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Another current practice that can cause confusion is the 
use of the terms normal or physiological for isotonic 
sodium chloride solution (0.9%). 

The solution surely is iso-osmotic. 

However, as to being physiological, the concentration of 
ions is each of 154 mEq/L, whereas serum contains about 
140 mEq of sodium and about 103 mEq of chloride.
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