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اللهم طهر قلبي من النفاق وعملي من الرياء ولساني من الكذب وعيني من الخيانة فأنت تعلم خائنة الأعين وما تخفي الصدور

اللهم اهدني لاحسن الاعمال والاخلاق

اللهم انك تحب العفو فعفو عنا

اللهم تقبل صيامنا واجعله كفارة لما سبق من ذنوبنا وعصمة فيما تبقى من اعمارنا وارزقنا اعمالا صالحة ترضى بها عنا يا ذا الجلال والاكرام

ربنا واتنا في الدنيا حسنة وف يالاخرة حسنة وقنا عذاب النار برحمتك ياراحم الراحمين

اخواني الطلاب .. اخواتي الطالبات دفعة 426
 هنيئا لكم هذه السنة .. وستكون إن شاء الله أفضل سنة لكم 

نحن فارم بل تيم قمنا بجمع مذكرات البنات مع الأولاد في هذه المذكرة 

مع إضافة نوتات هذا العام 

نسأل الله أن تنفعنا واياكم ... وتعود بالنفع لغيرنا

ان اصبنا فمن الله وان اخطانا فمنا ومن الشيطان

PharmPill team 

team leader : Dr.noop

subleader group A: مجهول
subleader group B : Prof.A
باقي الاعضاء:
ابويســـرا
Blue eye
Dr.Cool
بدون اسم
احب اشكر ابو يسرا على التنسيق 
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general pharmacology
Introduction :
PHARMACOLOGY : 

is  the science that deals with the knowledge and application of the drugs .
WORD PHARMACOLOGY Has been derived from the words

pharmacon ( drug
logos          ( study
► it is the study (knowledge) of drugs

WHAT IS A DRUG?
 (Droug
Dry herb
► It is chemical agent which is used for the prevention, cure , and control of the disease, aslo used in some cases for diagnostic purposes.

▪ e.g :
  β-blockers      ( control
  Chloroquine   ( prevention , cure 
  Barium meal  ( diagnosis
» DRUG does not create a new function but it only alters the function.
» It simply modifies  the physiological function and pathological state in a 
patient .
» Generally it has a place between PHYSIOLOGY and PATHOLOGY.
What knowledge about drug ?

 ▪ origin 

 ▪ chemistry

 ▪ uses/ application

 ▪ application

 ▪ mechanism of action

 ▪ undesirable effects.

» Just miuute modifcations in structure changes the properties of drugs

PHARMACOTHERAPY :

 ► It is the art of treatment of disease with medicines ,e.g  Aspirin use
 ► An inter-relation ship b/w physician and pharmacologist for the clinical application of drugs in diseases.
 ►Proper selection of drug for particular  patient in a underlying disease (Pharmacotherapy)
What should be the criteria for proper selection ?
1- Preferred /correct route of administration
2- Accuracy / safety of the dose

3- Knowledge about the adverse and toxic effects 

4- How it will produce its effects in body after administration (pharmacodynamics)

5- How absorption, distribution, metabolism and excretion occurs  after administration. (pharmacokinetics)

PHARMACODYNAMICS :
► It is the study of biochemical and physiological effects of drugs and mechanisms of their action, including the correlation of actions and effects of drugs with their chemical structure.
PHARMACOKINETICS :
► The action of drugs in the body over a period of time including the process  of absorption, distribution, localization in tissues , biotransformation  and excretion

(to observe the moments of drug in the bodies compartments)
PHARMACOGENTICS :
►It is the study of the relationship b/w genetic factors and nature of responses to drugs

TOXICOLOGY:

► it is the knowledge about the toxic effects produced by the drugs in  the body.
PHARMACOPEIAS :
►It is an authoritative treatise on drugs and their preparations.

 ▪ British pharmacopeia (B.P)

 ▪ United state pharmacopeia (U.S.P)

 ▪ British national pharmulary (B.N.F)

 ▪ others

NOMENCLATURE

 It is a classified  system of names of drugs :
1.The full chemical name. It describes the compound for chemists. It is unsuitable for prescription

2. A nonproprietary  (official, approved, generic) name. this is given by an official (pharmacopoeia) such as WHO.

3. The proprietary name is a trade mark applied to a particular formulation(s) of a particular substance by a particular manufacturer. 
● Example: one drug (  three names
1.Chemical name: 3-(10-11 dihydro-5H-dibenz{b’f}-azpein-5-yl) propyl-dimetylamine.
2. Non proprietary name:  Imipramine
3. Proprietary name: Tofranil( UK) Deprinol, Surplix, Prodepress(in various other countries)
TYPES OF DRUG REGULATIONs
1.  OVER THE COUNTER: 

These are drugs which are available at pharmacies with out the prescription of a doctor .
eg. Paracetamol

2.  PRESCRIPTION DRUGS: 

Drugs which can be available only with the written order by the qulified/registered medical practioner

3.   CONTROLLED DRUGS:                  
only available in speical cases,which are only written by specialists (consultants) doctors who are allowed to.
e.g Opioid derivatives like morphine

Tranquilizers   like diazepam
ORIGION AND SOURCES OF DRUGS :

plansts: Alkaloids, Glycosides, Volatile Oils, Gums, Morphine

Animals: Vitamin A from Cod liver oil ,Insulin
Minerals : Iodine, iron, Gold, Al(OH3)

Semi synthetic : Penicillin

Synthetic : large variety of drugs

Microrganisms : antibiotics


pharmacokinetics

pharmacokinetics :

1- absorption 

2- distribution 
3- drug metabolism 

4- excretion 

Absorption :

►Movement of drug from site of administration to the circulatuion ( blood )
» what are the ways that the drugs can be absorbed ?
A) Diffusion :
i- simple diffusion 
▪ it doesn't need energy or carrier 

▪ depend on concentration gradiant 

▪ depend on lipid / water partition coefficient 

▪ depend on pKa ( dissociation or ionization constant) and pH ( it determine the  ionization of the drugs)

▪ non selective

◙ N.B : 
▫ we does not use the stronge acid or base but only weak , because they forming irritant and because the ionization will be high more than 90 % of the strong acid (or base) and the ionized form cannot cross the cell membrane 

▫ weak acid ( best absorbed in stomach because the media is acid , so it wont ionized

e.g, Aspirin  

▫ for drug to be absorbed or distributed , it should be non-ionized 

▫ the drug to be excreted it should be ionized 

▫ the more lipid solubility the more drug absorption

ii- carrier -mediated facilitated diffusion 

▪occur along the concentration gradient 
▪no energy
▪require a carrier e.g, uptake of glucose , vit B12 and intrinsic factor



B) active transport :

▪ need ATP and carrier 
▪ unusual because it down the concentration gradient . e.g, iodides saturable , iron absorption.

▪ energy  

▪ selective
C) Vesicular transport

i-Endocytosis ( pinocytosis in pharmacology )
engulfment of the substance by the cell. e.g, lipid soluble vitamins A,D,E,K 

decrease lipid solubility depending on (pH , place, pKa , ionization ) ( will decrease the absorption 

ii-Exocytosis
D) Ion pair transport
E) Filtration
FACTORS AFFECTING ABSORPTION OF DRUGS :

1) Factors related to site of absorption (Route of administration)
● Surface area               Intestine >  stomach
● Blood circulation                intestine has more area and more circulation

● Physiological conditions of surface ---- pH

● Pathological condition of surface ---- diarrhea  ---- decrease absorption
● Gastric emptying food  ----  decrease
● Motility  of gut     drugs  ---  increase or decrease 
                                 infection  --- increase
Gastric emptying  & Motility  of gut :
food  ----  decrease
drugs  ---  increase or decrease 
infection  --- increase
» Presence of food in stomach nonspecifically decrease or slow the absorption of some drugs
      »A fatty meal increase the absorption of fat soluble drugs
◙ N.B : 
In fact, since fat-soluble drugs need bile to be absorbed, they essentially need to be taken after a fatty meal.
» In general, factors that accelerate gastric emptying time, (thus permitting drugs to reach the large  absorptive surface of the small intestine sooner), will increase drug absorption unless the drug is slow to dissolve or the acceleration is way too much for the drug to be absorbed.  


2) Factors related to drugs
● Concentration  of  drug (Dose)
● Molecular weight ( the larger, the lesser is the abs.)

● Dosage form (rate of dissolution)

● Solubility  & Lipid – water partition coefficient

 i) very hydrophilic, ( most difficultly absorbed)  

ii) extremely hydrophobic, (better than i)   


iii) largely hydrophobic yet  have some solubility  ( best absorbed )in  aqueous solution
● Chemical  instability
▫ Unstable due  to  pH of gastric  juice
● Drug  ionization (pKa of drug)
pH  = pKa   ----   Protonated form  (HA & BH+)  =  Deprotonated form (A &)
pH  <   pKa   ---   Protonated form  (HA & BH+)  predominate    

pH  >  pKa   ---   Deprotonated form (A& B) predominate
● Combination with other substances (Food or Drug)

▫ Drug interactions:

   one drug can affect (increase or decrease) the absorption of other drug.
◙ notes about the PKa :

▫ pKa for a drug is defined as the pH at which 50% of the drug molecules are ionized while the other 50% are not ionized.
▫ For acidic drugs, the common formula of the drug is HA and when dissociated, it becomes H+ & A-.
▫ For basic( alkaline ) drugs, the formula is BH+, and when dissociated B & H+.
▫ When we put HA & BH+ in the media where the pH is equal to their pKa then we will have 50% of each form.
▫ Now, lets consider the stomach as our acidic medium with a pH of about 2.
▫ Since the stomach has low pH then it has large [H+] which means we have abundant H+ ions in the stomach. If we put an acidic drug, say HA with pKa of 5 b/c most drugs are weak acids, there will be LITTLE or NO dissociation in the stomach because the stomach has too many H+ ions that it can not accept any more H+ which means the predominant form will be the protonated one (HA) which is NOT charged and therefore has great solubility in the stomach.
▫ Same thing applies for the intestine, where if we put an acidic drug, it will be largely deprotonated and therefore in the charged form A- which makes its absorption difficult.

- For All the drugs , increased absorption is always more in intestine than in the   stomach
-  An Acidic drug is absorbed more from stomach than basic drug when two drugs have pKa value which is greater than the pH of stomach
- A Basic drug is absorbed more from intestine than Acidic drug when two drugs have pKa value which is less than the pH of intestine
BIOAVAILABILITY :
► is the fraction of administered drug that gains access to the systemic circulation(after absorption) in a chemically unchanged form.  

FACTORS AFFECTING BIOAVAILABILITY:
1-All factors that affect the absorption of drug ( revise them ( )
2-First pass effect


route of drugs administration
» injection 

» topically 

» GIT  ▪oral 

   ▪sublingual and Buccal 

   ▪rectal
ROUTES OF ADMINISTRATION : ORAL 
»MERITS ( advantages)
-systemic /  local effects in G.I.T. ----- 

Commonest, Safest

-cheap ( cause no need for sterilization

-most Convenient, painless, & acceptable  

-Rate of absorption ---- slow adverse effects as compared to intravenous route are less

-No maximal sterilization   

-No skill ,  self medication ( self use)  

-Large volume (doses) can be given
First pass metabolism ( First pass effect, Presystemic elimination):
►Metabolism of drug (to inactive form) after administration before it reaches the systemic circulation.

In other words, drugs which are taken orally have to be absorbed and go to the portal circulation first THEN they cross the liver to get to the systemic circulation. This is considered as a disadvantage because NOT all of the dose will be conveyed (transported) to the systemic circulation but rather, some of the dose will be deactivated by the liver decreasing the drugs availability in the systemic circulation.
►Usually with orally administered drugs

▫ First pass effect in GIT
▫ Hepatic first pass metabolism
►during its first passage thru liver
The first pass metabolism does not only occur in the liver but it may also occur in the GIT wall when some enzymes in the wall digest the drug or inactivate it before it even gets absorbed.
►Greater the first pass effect, lesser will be the bioavailability (important)



ROUTES OF ADMINISTRATION : ORAL
» Demerits  ( disadvantages) :
-Drugs with high first pass effect needs to be given in high doses .

-Variation in first pass effect among individuals causes variation in drug response

-Absorption varies (delay, decrease, or increase ; affected by ----  food or drugs that affect GI motility) (Dose may not be accurately delivered)
-Irritation of gastric mucosa

-Patient compliance is not ensured not complete absorption ( low bioavailability )
-Not suitable for :

   *Unconscious patients

   *Vomiting patients

   *Emergency --- (Slow onset of action) 
-GIT diseases or abnormality ( diarrhea  )may affect the absorption of drug .

Following drugs can not be given by oral route:

- Drugs destroyed by---- Stomach pH (insulin) ,Intestinal enzymes (Penicillin is affected by the intestinal enz. )

- Hydrophilic drugs which can not be absorbed (but can be given for local effect)

like : neomycin, though it cant be easily absorbed since it can not cross the lipid-biliar cell membrane and therefore is only used for effects intended on the GIT.

◙ N.B : 
Increase lipid solubility --------------increase absorption
But maximal absorption requires little water-solubility because it is what guides the 

Drug to the intestinal mucosa to be absorbed.

Uneven distribution (for local effect),in some diseases of gut whole thickness of wall is affected & effective blood concentrations (as well as luminal concentrations) may beneeded.

In other words, sometimes the GIT wall is injured so we need to double treat the patient with both IV injection ( for systemic effects ) and orally for the local GIT-targeted effect. This is considered a disadvantage because we need TWO ways of treatment not only one. Drug interaction



ROUTES OF ADMINISTRATION: SUBLINGUAL & BUCCAL 
»Merits [advantages] (MCQ) (very important )
[note :  that the disadvantages in the oral will be here advantages ]

-Rapid onset of action( because the highly number of vessels under the tongue), useful -in emergency 

-Effect can be terminated by spitting out tablet

-No maximal sterilization

-No skill ,  self medication 

-Avoid first pass hepatic metabolism(no first pass metabolism)=increase bioavailability

-Not affected by gastric acidity or intestinal enzymes 

-No food drug interaction

**This way is used for the administration of Nitroglycerin which is used for the treatment of the Angina Pectoris ( Severe pain in the thoracic region caused by decreased blood flow to the pericardium.
»Demerits ( disadvantages ) 
-Inconvenient for frequent use

-Irritation of oral mucosa 

-Patient compliance not ensured

-Not suitable for large doses ( only small doses )

-Vomiting patients

-Bitter, vasoconstrictor, irritant or water soluble drugs can not be given .

-Limited drugs can be administered this way.



ROUTES OF ADMINISTRATION: RECTAL  
»Merits

-Dose requirement same or slightly greater than oral route for both the systemic effects and local effects
-Drugs that are irritant to stomach  

-Suitable in unconscious, vomiting , motion sickness, migraine or when a patient can not swallow , &when cooperation is lacking (sedation in children
◙ Note : migraine :A symptom complex occurring periodically and characterized by pain in the head (usually unilateral), vertigo, nausea and vomiting, photophobia, and scintillating appearances of light .

*sedation : feel drowsy 

-No sterilization

-No skill 

-Avoid 50% first pass hepatic metabolism (from lower rectum)

-Because the rectum is supplied by branches of the systemic circulation in the lower half and those of the portal circulation in the upper half, any drug injected in the rectum will have 50% absorbed directly in the systemic and 50% absorbed in the local portal circulation.

- suppositiories may be used to produce local effect

»Demerits :

-Psychological, patient may be embarrassed or like the route too much 

-Irritation of mucosa & inflammation may occur with repeated use

-Absorption is irregular

-Emergency (slow onset of action)

-Hydrophilic drugs 

-Absorption unreliable, especially if rectum is full of feces

ROUTES OF ADMINISTRATION PAR-ENTERAL INJECTIONS
Intravenous ( I / V ), Intramuscular(I/ M ),Subcutaneous ( S / C )

► ROUTES OF ADMINISTRATION:PARENTERAL : I/V INJECTIONS &INFUSIONS :
»Merits ( MCQ ) ( very important )
Rapid onset of action , useful in emergency-
-No first pass effect, 100% bioavailability, 

Suitable in vomiting , motion sickness, migraine,unconscious patients, or when a patient --can not swallow , & when cooperation is lacking

Large volume (doses) of drug can be given-


◙ Note :
I\V injection : in one shot 

I\v infusion  :continuous in drops depending on gravity

¶ Following drugs which can not be given by oral rout, can be given intravenously
- Drugs destroyed by    ---- Stomach ph                                                                   Intestinal enzymes
-for Hydrophilic drugs which can not absorbed only .(no particle , not oil) drugs are not absorbed from GIT .(MCQ)

Drugs that are too irritant to be given by other routes

In I.V. infusion ----Rapid modification of dose and immediate cessation of administration if unwanted effects occur
No food drug interactions .

»Demerits
-costly  
-Inconvenient

-More chances of adverse effects, most dangerous 

-Maximal Sterilization, chances of infection
-Need Skill and training , no self medication
-Local irritation at site of administration

-Local venous thrombosis with:

*prolonged infusion

*irritant formulations (e.g. dextrose of more than 20 or 25% - also the anti-cancer drugs may produce irritations)
-Infection of intravenous catheter and small thrombi on its tip during prolonged infusions
►ROUTES OF ADMINISTRATION: PARENTERAL : I / M INJECTIONS 
*Blood flow is greater in muscles of upper arm than in gluteal mass and thigh and increases with physical exercise

*Generally, the more is the blood flow rate, the more is the rate of absorption.



ROUTES OF ADMINISTRATION:PARENTERAL : I / M INJECTIONS 
»Merits
-Reliable and suitable for irritant drugs and depot

-preparations can be used at monthly or longer intervals

-Absorption is more rapid than following subcutaneous injection or oral route (soluble preparations are absorbed within 10 – 30 mins.)
-Prolonged duration of action used for oily preparation
(note : that the advantages of the IM injection the same as the oral administration )

◙ Note :
-depot injection:
an injection of a substance in a vehicle that tends to keepit at the site of injection so that absorption occurs over a prolonged period 

»Demerits
-Inconvenient , may be painful especially for frequent use 
-More chances of adverse effects than oral ( more rapid than the oral)
-Sterilization, chances of infection

-Skill

-Local irritation at site of administration
-Not acceptable for self administration

-If any adverse effect occur to a depot formulation, it can not be removed .
-Abscess ,and tissue necrosis
► ROUTES OF ADMINISTRATION:PARENTERAL : S / C  INJECTIONS 
»Merits

-Can be used for local and systemic effects both

-Reliable and acceptable for self administration( low risk )
»Demerits

-Poor absorption in peripheral circulatory

-failure repeated injections at one site can cause lipodystrophy, resulting in erratic absorption 
◙ Note :
-lipodystrophy : is a Defective metabolism of fat which may lead to wither increase(hypertrophy) or decrease (atrophy) amount of stored fat under The skin.


ROUTES OF ADMINISTRATION INHALATION
-Can be used for local( only the lungs ) & systemic effects both
    -As a gas, --- e.g. ----  General anaesthetics 
    -As an aerosol,  e.g. β2 –adrenoceptor agonist 
    bronchodilators ( salpitamol ) 
    -As a powder, e.g. sodium chromoglycate ( for asthma ) 
    -As vapours of volatile liqiuds .   
*Not irritant
ROUTES OF ADMINISTRATION:PARENTERAL : INHALATION
» Merits
in general anesthesia rapidly taken up or eliminated,

Self administration is practicable

Aerosols & powders provide high local concentration for action on bronchi, minimizing systemic effects

» Demerits
Special apparatus is needed

Drug must be nonirritant if the patient is conscious

Obstructed bronchi (mucus plugs in asthma) may cause therapy to fail

ROUTES OF ADMINISTRATION TOPICAL

For local effect

Skin , Mucous membrane (eye, nose , ear , lungs, anal canal, rectum, urethra, vagina, etc. )
For systemic effect   -----  Transdermal

ROUTES OF ADMINISTRATION:TOPICAL APPLICATION: FOR LOCAL EFFECT
»Merits

-usually high local concentration can be used without systemic effect
»Demerits
-systemic effects can occur especially when there is tissue destruction 

◙ Notes about topical application :               
-Provide local action

-Favors Lipid soluble drugs

-Not 1st pass metabolism

-Prolonged drug action

-Minimal fluctuation in drug blood level



ROUTES OF ADMINISTRATION:
TOPICAL APPLICATION: FOR SYSTEMIC EFFECT: TRANSDERMAL DELIVERY SYSTEM (TDS) :

-as a sticking plaster (Patch) attached to skin or as an ointment
»Merits:
-Used  for slow continuous administration  achives systemic effect by application of drug for long duration to the skin .         

-Fluctuations in plasma concentration are largely avoided

-Usually  No first pass effect

-Drug can be removed if required 

»Demerits:

-Only small number of drugs can be used by thisroute

-Slow onset of action

-Local reactions
DRUG DOSAGE FORMS (DRUG PREPARATIONS)  : ( drug formulation )

A) Aqueous solutions ( liquid forms of the drugs ):

       Syrup:

              aqueous solution saturated with SUGAR

              usually contain a flavoring agent that assists in

              disguising the taste of the drug mixed in syrup
Emulsion:

       A preparation of one LIQUID distributed in 

                 small globules throughout the body of a

                 second LIQUID

       The dispersed liquid is the discontinuous phase, & 

        the dispersion medium is the continuous phase.

Oil-in-water emulsion

                 Oil ---  is the --- dispersed liquid  &

                 aqueous solution -- is the  -- continuous phase.

       Water -in-oil emulsion

                Aqueous solution -- is the -- dispersed phase &

                oil --- is the  ---- continuous phase.
Aqueous suspension:

        Finely divided SOLID PARTICLES (POWDERS) 

         of a drug suspended in a FLUID. 

         They are NOT DISSOLVED in the fluid.      


Suppository:
 ► Drug mixed with a fatty base and molded into

         shapes suitable for insertion into the 



               rectum, 

               vagina, or 

               urethra.

 ► A urethral suppository is called a ---- bougie.

 ► A vaginal suppository is called a ----- pessary.

► for a local or systemic effect.
Aerosols:

    Aerosols  are particles dispersed in a gas,

          the particles being  small enough to remain in

         suspension for a long time instead of sedimenting

         rapidly under the influence of gravity; the

         particles may be liquid (fog) or solid (smoke)
◙ notes : 
       Aqueous solutions:
                 Drug(s) DISSOLVE  in WATER or NORMAL SALINE
      Alcoholic solutions:

        Drug(s) DISSOLVE  in ALCOHOL
B) oral forms of drugs solid forms:
i- tablets : discs of drugs mix with inert binder as starch
kind of tablets :
»Enteric coated tablet:

     ► coated with a substance that will not dissolve

             until it reaches the small intestine 

     ► for drugs that are irritating to stomach or

           to avoid any other adverse effects in stomach 
»Sustained-release tablet :

     for continuous release of small doses of the drug over an extended time period to 

↑ duration of action

↓dosing frequency

↑compliance
ii- capsule : contain gelatin cover .why we use it? to avoid the bad taste of some drugs

iii- granules

iv- effervescent powder 
v- spansule -capsule used for long duration of action

C) parentral formers:

sterile 

pyrogen free (by product of bacteria )
1- ampoule : is a single dose of sterile solution or suspensior

2- vial : is a multidose preparation 

3- IV infusion : up to 500 or 1000 ml

D) topical forms of drugs :

- drops (eye ,nasal)

- inhalation ( vaporizers or Atomicers )

- adhesive plaster (skin )
- Ointment ( medicine in liquid base )

- cream ( medicine in water base)
- Suppository ( rectum or vagina)
- enema ( rectum )

Distribution :
►Movement of drug molecules within the circulation & from circulation to  the tissues

the major body fluid compartment are :
1-extracellular [plasma (5%) , interstitial fluid (16%) and lymph (1%) ]
2- intracellular fluid (35%)

3- transcellular fluid ( 2%) e.g, cerebrospinal, intraocular, synovial , peritoneal 

factors affecting distribution :
1-cardial output and blood flow 

2- physiochemical properties of the drugs ( chemical like Molecular weight (size))
3- permeability across tissue membrane. Blood - Brain Barrier 

          Placental Barrier

          Blood - Testis Barrier 
4- plasma protein binding 

6- tissue binding 

7- pH

8- pK

9- lipid solubility (fat : water partition) Hydrophilic / Hydrophobic



volume of distribution (vd): 
  ►is a hypothetical volume of fluid into which the drug is disseminated after absorption ,So called apparent because it assumes that the drug distributes uniformly in a singlecompartment
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The volume of distribution may be defined with respect to blood, plasma, or water (unbound drug), depending on the concentration used in equation(1)(C = Cb,Cp,or Cu).

example :

Vd =  D / C 
suppose  D = 40 mg

               C = 4 mg / lit          Vd =  40 / 4=  10 lit
( defined as the volume Vd of fluid that contains ALL the given dose of drug D with the same concentration C as the plasma )from the book
So after injecting a dose, we have two equations,

1- D (amount of drug)= V (drug in the injector) X C(conc.of drug in the injector)

For describing the drug in the injector.

2- D (amount of drug)= Vd (volume of Distribution)X C(conc. Of drug in plasma)

For describing the drug in the plasma.

Because the injected amount never changes

D1 = D2            V (injector) X C (injector) = Vd X C (plasma)

Therefore, by taking a sample of the blood( plasma ) of a patient in which we injected a drug, and by calculating its conc. We get to know the volume of distribution of this drug.
►Three functionally distinct compartments of vd
	e.g. Very large molecular weight &
Binds extensively to Plasma Proteins


	Plasma (only) for drugs which can’t cross the vascular wall


	Low molecular weight & Hydrophilic

	Extracellular fluid (ECF) (for drugs which can’t cross the cell M. they are confined to the interstitium and plasma


	Low molecular weight & Hydrophobic

	Total Body Water (TBW) for drugs which can cross all the latter walls.





»drug with high vd :
higher concentration in tissue than in plasma 

relatively lipid soluble 

distributed intracellulary 

not afficiently removed by hemodialysis 

e.g phenytion , morphine, digoxin , tricyclic , anti-deprssants
»Drugs with low vd :
opposite to the high , e.g , oral ( warafin 
( note : if vd of a drug is low , it wont cross the BBB [blood brain barrier])
 ◙ notes :
»Greater the volume of distribution, more the drug is in  extravascular spaces & tissues 
»Lesser the volume of distribution,more the drug is in the vascular space
The major body fluid compartments are:
-Intravascular (one compartment):

In blood (not filtered through endothelium)

-Extravascular (two compartments):

Pass endothelium BUT not cell membranes e.g. neostigmine

-Extravascular and intravascular (mult-compartments):
pass endothelium and cell membranes e.g. physostigmine

Physilogical barriers to distrubtion :
Blood brain barrier

Placental barrier

Placental transfer :
-drugs cross placenta by simple diffusion

-Lipid soluble drugs readily enter the fetal blood. What are the consequences?
-Morphine ------------(  respiratory depression
-Warfain(anticoagulant)-----------(hemorrhage

-Antithyroid drugs       -------------( neomatal goiter

These names just reading

Passage of drugs into CNS &CSF:-

-controlled by BBB

-lipid soluble drugs 

e.g./ G(general ). aneshtetics. CNS depressants, antibiotics as chloramphenicol & sulphadiazine 
-inflammation as in meningitis e.g. penicillin 

Binding of drugs:
-plasma protein binding

-tissue proteins binding (kidney, eye, fat, lungs, bone )
Characteristics of binding :
-interaction between drugs and charged group (NH3-, COO-)

-usually but not always reversible

-bound drug cannot diffuse into tissues so binding determines volume of distribution (vd)

-slows drug elimination

-prolongation of duration of drug action

Tissues Binding :

1-bone: tetracycline& heavy metals as lead (collagen)

2-fat: some drugs as thiopental & ether    (the names just to know)
3- salivary gland &thyroid glands

Can accumulate iodides

4- liver:; quiacrine (3000 times more in liver) chloroquine (nucleic acids)

5-hair and skin :arsenic (keratin)

Plasma protein binding:
Plasma proteins:

-albumin: acidic drugs as warfarin , phenytoin , aspirin sulphonamides
-α1-glycoprotein :basic drugs as propranolol , diazepam, quinidine

-α2 globulin :steroids ,vit 

-β1 globulin: iron

-Prealbumin

-Tranferrin
-Ceruplasmin

-α & β lipoproteins
◙ notes :
Albumin has strongest affinity foranionic drugs (weak acids) &hydrophobic drugs Most hydrophilic drugs & neutral drugs not bind to albumin
Basic drugs frequently bound to  lipoproteins & α1 – acid glycoprotein in addition to albumin 



Factors affecting the plasma protein binding:
▪ Hypoalbuminemia , e.g., liver disease , 
                                        kidney disease
▪ Some metabolic conditions e.g., uremia change the  affinity of binding for some drugs 

▪ Drug interactions      

     Drug-Drug interaction will be more significant

          with the drugs having

              1) high plasma protein binding

              2) low therapeutic index

              3) low Volume of distribution (Vd)

▪ Change in plasma protein binding can affect the Vd

Consequences of binding :
Drugs exist in two forms free and bond forms in equilibrium.

►Unbound (free) drug :

1-pharmacologically active

2- available for metabolism &excretion
3-has short duration of action

►Bound drug:

1-not available for combination with receptor(Pharmacologically inactive)

2- not available for elimination (metabolism & excretion)

3-have longer duration of action
4-Remains in plasma, can not be distributed outside the vascular space to the tissues.

◙ notes :
PLASMA PROTEIN BINDING
▫ Reversible 
▫ Bound & free proportion of drug remains constant

▫ Greater the plasma protein binding lesser will be the volume of distribution (Vd)
Displacement:

-competition for binding may occur between drugs and endogenous substrates e.g. sulphonamides and bilirubin ?( jaundice and kernicterus[mental disorders])
-some drugs may compete with others for the same site on the plasma proteins & displace drugs thus increasing their concentrations and effects 

Warfarin –tolbutamide-----------(hypoglycemia

Aspirin- warfarin---------(bleeding



Redistribution:
-Redistribution of the drug from its site of action to other tissues e.g. thiopental

Termination:

-biotransformation

-excretion

-redistribution
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