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Introduction 

 
      Localized collection for excess adipose tissue and obesity can be 

medically dangerous and psychologically distressing to patients. With 

increasing demand for non-surgical cosmetic procedures, injections used 

for "fat – dissolving" have attracted interest form physicians and obesity 

patients. Most of physicians and mesotherapists  have heared of these 

techniques through scientific discussion or medical publications and  

reports in popular press (Rotunda et al , 2005).                                     

 

      There are several publications have reported that subcutaneous 

injection of phosphatidylcholine and deoxycholate are effective in 

treating localized collections of subcutaneous fat as a procedure for body 

contouring avoiding surgical interference with its recorded complications 

(Rittes , 2001(a)).                                                                                   

 

     Phosphatidylcholine as a natural phosphoipid and deoxycholate as a 

bile salt are involved in digestion and metabolism of fat Deoxycholate 

has been used as a solvent agent in several Intravenous medications and 

phosphatidylcholine therapeutic preparation have been in use safely for 

over then 30 years for prevention and treatment of fat embolism without 

evidence of toxicity or teratogenicity and they are well-tolerated at high 

daily doses (Kroupa, 1966) .                                                                

 

     The promising results reported from subcutaneous injections of 

phosphatidylcholine and deozycholate in some cases encourage recent 

studies for discussing histological  ,  physioiogical and biochemical 

aspects involved in this method of tratments for reduction of 

subcutaneous fat and non-invasive body contouring (Duncan and 

Hasengschwandtner , 2005).                                                               
 

     Despite attraction as a recent non-surgical cosmetic treatment , the 

efficacy and safety of these of "fat-dissolving" treatments require more 

studies for an accurate medical evaluation (Clark , 2004).                       

 

Aim of the work: 
 

     This work aims to make a comparison between phosphatidylcholine 

and deoxycholate subcutaneous injections for reduction of subcutaneous 

fat.                                                                                                     
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Chapter (1) 

Adipose connective tissue 

A-Morphology and development of adipose tissue                                                                                                                   

    Adipose tissue is a specialized connective tissue that functions as the 

major storage site for fat in the form of triglycerides (Gabrielsson et al, 

2002). Adipose tissue is found in humans in two different forms: white 

adipose tissue and brown adipose tissue. Most adipose tissue is white 

which serves three functions: heat insulation, mechanical cushion, and 

most importantly, a source of energy (Johnson et al, 1988). 

     In adult humans, the major bulk of adipose tissue is a loose 

association of lipid-filled cells called adipocytes, which are held in a 

framework of collagen fibers. In addition to adipocytes, adipose tissue 

contains stromal-vascular cells including fibroblastic connective tissue 

cells, leukocytes, macrophages, and pre-adipocytes (not yet filled with 

lipid), which contribute to structural integrity.The lipid droplets in 

adipose tissue can be unilocular or multilocular (Mcmillen et al, 2004).  

     Unilocular cells contain a single large lipid droplet which pushes the 

cell nucleus against the plasma membrane, giving the cell a signet-ring 

shape. Unilocular cells, characteristic of white adipose tissue, range in 

size from 25 to 200 microns. Mitochondria are found predominately in 

the thicker portion of the cytoplasmic rim near the nucleus. The large 

lipid droplet does not appear to contain any intracellular organelles 

(Stunkard et al, 1988).   

      Multilocular cells, typically seen in brown adipose tissue, contain 

many smaller lipid droplets. A cell in brown adipose tissue may reach a 

diameter of 60 microns and the lipid droplet within the cell may reach 25 
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microns in diameter. These mitochondria vary in size and may be round, 

oval, or filamentous in shape (Johnson et al, 1988).  

       Approximately 60 to 85% of the weight of white adipose tissue is 

lipid, with 90-99% being triglyceride. Small amounts of free fatty acids, 

diglyceride,cholesterol, phospholipid and minute quantities of cholesterol 

ester and monoglyceride are also present. In this lipid mixture, six fatty 

acids make up approximately 90% of the total, and these are myristic, 

plamitic, palmitoleic, stearic, oleic, and linoleic. Varying the composition 

of your diet can vary the fatty acid profile in adipose tissue. The 

remaining weight of white adipose tissue is composed of water (5 to 

30%) and protein (2 to 3%) (Marin et al, 1995).  

      White adipose tissue is not as richly vascularized as brown adipose 

tissue, but each adipocyte in white adipose tissue is in contact with at 

least one capillary. This blood supply provides sufficient support for the 

active metabolism, which occurs in the thin rim of cytoplasm surrounding 

the lipid droplet. Blood flow to adipose tissue varies depending upon 

body weight and nutritional state(Rothwell et al, 1985).  

 

 

 

   

        

 
 

 
 

Figure(1):White fat cell and brown fat cell.Note the single large lipid vacuole in 

the white fat cell and the numerous smaller lipid vacuoles in the brown fat cell. 

LV: lipid vacuole; M: mitochondria; N: nucleus (Stunkard et al, 1988).   
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hhhhAdipocytes are considered to originate from fibroblast-like precursor 

cells that differentiate into adipocytes under the appropriate stimulatory 

conditions. The precursor cells do not possess any morphological or 

enzymatic marker that can be used to determine whether they will 

become adipocytes. The criteria used to identify adipocytes depends upon 

lipid accumulation within the cell after proliferation has stopped, making 

early identification of adipocytes difficult (Gabrielsson et al, 2002).  

      The size of adipose tissue mass is a function of both adipocyte 

number and size. An increase in adipose tissue mass can occur by 

hyperplastic growth, which is an increase in the number of adipocytes. 

This increase in number occurs primarily by mitotic activity in precursor 

cells (Greenwood et al, 1998). 

       Adipose tissue mass can also increase by hypertrophic growth, 

which is an increase in the size of adipocytes. This increase in size occurs 

primarily by lipid accumulation within the cell. The developmental 

sequence of adipose tissue in humans is not well defined (Mcmillen et al, 

2004).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

hhhhThe human neonate is born relatively fatty. It was thought that two 

periods of hyperplastic growth occur probably during the third trimester 

of pregnancy and just prior to and during puberty.When adipocytes fill 

with lipid and get to a critical size, precursor cells are stimulated to 

differentiate, and an increase in adipocyte number results (Meier and 

Gressner, 2004). 

      This critical size probably does not occur with moderate 

overfeeding unless the overfeeding is of long duration.There are probably 

individual differences in the size that will result in new adipocyte 

formation. Once new adipocytes are formed, they remain throughout life 

and only reduction in size of the cell is possible (Gabrielsson et al,2002). 
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B-Adipose tissue functions              

      Subcutaneous adipose tissue is an especially important heat 

insulator in the body, because it conducts heat only one third as readily as 

other tissues. The degree of insulation is dependent upon the thickness of 

this fat layer. Adipose tissue also surrounds internal organs and provides 

some protection for these organs from jarring (Mcmillen et al, 2004).  

      As the major form of energy storage, fat provides a buffer for 

energy imbalances when energy intake is not equal to energy output. It is 

an efficient way to store excess energy, because it is stored with very 

little water.The average woman with 20% body fat has about one month 

of energy stored as fat.There are some constraints on the use of fat as 

fuel, tissues that function predominantly anaerobically (e.g.. erythrocytes) 

must rely on carbohydrate for energy (Bouchard et al, 1990).  

      Brown adipose tissue, which derives its color from rich 

vascularization and densely packed mitochondria, is found in various 

locations, mainly around the neck and large blood vessels of the thorax. 

This specialized tissue can generate heat by uncoupling the respiratory 

chain of oxidative phosphorylation within mitochondria without 

subsequent production of ATP (Rothwell et al, 1985). 

C-Adipose tissue metabolism 

Lipogenesis 

      Lipogenesis is the deposition of fat. This process occurs in adipose 

tissue and in the liver at cytoplasmic and mitochondrial sites. Energy 

ingested as fat beyond that needed for current energy demands is stored in 

adipose tissue (Jone et al, 1985). 

     In addition, carbohydrate and protein consumed in the diet can be 

converted to fat. Energy ingested as carbohydrate can be stored as 
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glycogen in the liver and muscle, Carbohydrate can also be converted to 

triglycerides primarily in the liver and transferred to adipose tissue for 

storage. Amino acids from ingested proteins are used for new protein 

synthesis or they can be converted to carbohydrate and fat (Greenwood et 

al, 1998).  

       Fatty acids, in the form of triglycerides (TG) or free fatty 

acids(FFA) bound to albumin are ingested in the diet or synthesized by 

the liver. Very little synthesis of free fatty acids occurs in the adipocytes. 

Triglycerides are the most significant source of fatty acids, because this is 

the form in which dietary lipids are assembled by the gut and liver (Meier 

and Gressner, 2004).  

        Triglycerides made up of long chain fatty acids, in the form of 

chylomicrons (from intestinal absorption) or lipoproteins (from hepatic 

synthesis), are hydrolyzed to glycerol and free fatty acids by an enzyme 

called lipoprotein lipase (LPL). LPL is synthesized in adipocytes and 

secreted into adjacent endothelial cells. Chylomicrons and lipoproteins 

(very low density lipoproteins) contain C-ll apoprotein, which activates 

LPL (Sugiyama et al, 2002).  

   Free fatty acids are taken up by adipocytes in a concentration-

dependent manner by a transmembrane transport protein. Once inside the 

adipocyte, fatty acids enter a common pool made up of both incoming 

and outgoing fatty acids. Fatty acids that are stored in the adipose tissue 

must first combine with coenzyme A to form a thioester and then they are 

re-esterified in a stepwise manner to triglycerides ( Figure 2). (Kissebah 

et al, 1986 ,Marin et al, 1993). 

      Insulin, plays a predominant role in the lipogenic process. The net 

effect of insulin is to enhance storage and block mobilization and 

oxidation of fatty acids. Insulin exerts its effect by stimulating LPL 
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formation, so that circulating triglycerides are hydrolyzed and free fatty 

acids can enter the adipocyte (Greenwood et al, 1998, Sadur and Eckel, 

1982). 

Lipolysis 

      Lipolysis is the chemical decomposition and release of fat from 

adipose tissue.This process predominates over lipogenesis when 

additional energy is required. The triglycerides within the adipocyte are 

acted upon by hormone sensitive lipase (HSL), which hydrolyzes the 

triglyceride into free fatty acids and glycerol.These lipases act 

consecutively on triglycerides, diglycerides, and monoglycerides (Marin 

et al, 1993).  

       Triglyceride lipase regulates the rate of lipolysis, because its 

activity is low. Once triglycerides are hydrolyzed to fatty acids and 

glycerol, fatty acids enter the common free fatty acid pool where they 

undergo beta-oxidation, or be released into the circulation as substrates 

for skeletal muscle, cardiac muscle, and liver (Greenwood et al, 1998).  

      If the fatty acids are to undergo beta-oxidation for ATP production, 

fatty acids move from the adipocytes into the blood and are carried to the 

tissues that can use them as an energy source. Long-chain fatty acids 

enter the cells of these tissues by passive diffusion, and their rate of 

uptake is proportional to their difference in concentration inside and 

outside of the cell (Sadur and Eckel 1982).  

      Once inside the cells, beta-oxidation begins with activation. This 

step converts the fatty acids to a form that is more amenable to the 

successive biochemical changes resulting in ATP formation.Insulin 

reduces mobilization of  FFA from adipose tissue by inhibiting 

triglyceride lipase (Jone et al, 1985). 
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Figure(2):Diagrammatic representation of lipogenesis and lipolysis in adipocytes. 

FFA: free fatty acid; FFA-CoA: thioester; HSL: hormone sensitive lipase; LPL: 

lipoprotein lipase; DG: diglyceride; MG: monoglyceride; DG-P: phosphatidic acid; 

MG-P: lysophosphatidic acid; VLDL: very low density lipoproteins (Mcmillen et al, 

2004). 

  E-Adipose Tissue Distribution 

       It is well observed that everyone does not carry their adipose tissue 

in the same anatomical locations.Adipose tissue that is located 

predominantly on the upper body has been termed android, male, central 

distribution.This pattern is found more frequently in men. When adipose 

tissue accumulates predominantly in the lower body, the terms gynoid, 

female, lower-body segment are used. As the terms gynoid and female 

imply, this fat pattern is found more frequently in women than in men 

(Gabrielsson et al, 2002). 

        The primary factor of adipose tissue distribution is genetic 

background, which can often be seen by looking at the similarity in fat 


