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This Paper highlights how the design and implementation of Syntesqual was  
achieved. A brief history of the chemical background with regards to the best known 
mineral oils is given and information concerning the specific application of this  
product is provided. 
 
Lipids in the cutaneous system. 
Considering the horny layer vital only due to its active lipid metabolism would  
indeed be too restrictive. However, more attention should be paid to the role lipids 
play in the cutaneous system and we should be aware of what happens when we 
apply a fatty substance to our skin. The biodepartmental mode l of the horny layer is 
characterized by intracellular hydrophilic dominance and by intercellular  
hydrophobic dominance. This model implies that lipophilic substances penetrate the 
spaces between the cells rather than entering into them. The degree of  
impermeability is therefore influenced by the amount of lipids in these spaces and 
not by the thickness of the horny layer. What do we need lipids for, then? They 
mainly serve as a barrier against sterols and hydrocarbons by providing protection 
against external agents and by limiting water loss. Water loss is indeed the very  
signal regulating epidermal lipogenesis. 
It is well known that the horny layer is rich in apolar or neutral lipids and free sterols. 
Apolar lipids are prevalent on the surface, while sphingolipids and free sterols prevail 
in depth. Variations in the lipid fraction that take place during the differentiation  
process of epidermal cells were quantified only about a decade ago.  
Let us now have a look at what exactly happens. Lipid biosynthesis occurs to a 
relevant extent in the cells of the granular layer of the epidermis. The approximate 
percentage mentioned from now on refers to the variable quantity of each lipid class 
at the onset and at the end of the differentiation process. The variation between basal 
and spinous layer cells at the beginning and corneocytes at the end of differentiation 
is as follows: phospholipids 1 from 44.5% to 4.9%; cholesterol phosphate from 2.6% 
to 1.5%; apolar lipids2 from 51% to 77.7%, sphingolipids3 from 7.3% to 18%. 
 
Historical background 
We learned about the cosmetic use of raw mineral oil from a work by Petronio  
Dioscoride (first century A.C.). 
Refined mineral oils were first used at the end of the 19th century by Russian  
chemists Markonikoff in 1887 and Petroff in 1895. 
During World War I, Humble, an American Chemist, developed  the modern method 
for the mass production of white mineral oils. 
 
Mineral oils  

                                            
1 It must be noticed that the lipid barrier is more hydrophobic, limiting water loss due to the hydrolysis 
of glycolipids, phospholipids and cholesterol sulfate. 
2 These include sterols and free fatty acids, triglycerides, esterified steroids, squalene, etc. 
3 Ceramides and glucosyl-ceramides- 
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The three most important categories of oils with a hydrocarbon matrix are paraffin, 
isoparaffin and ramified terpene hydrocarbons . 
Paraffin hydrocarbons, best known as paraffin or liquid vaseline, are a hydrocarbon 
mixture of the paraffin and naphthene series with a molecular weight of up to 6000 
dalton. The advantage of liquid paraffin is that it is colourles s, odourless and  
inexpensive, while its drawbacks are that the quality is inconsistent, it is not easily 
revealed by analysis and it is particularly greasy and acanthogen.4 
 
Isoparaffin hydrocarbons, which are highly ramified synthetic hydrocarbons, are also 
colourless and odourless. Although less greasy, they are still too oily for some  
applications (their oiliness is acceptable for W/O emulsions and eye shadow cream). 
They are acanthogen and also contain volatile fractions which are scarcely tolerated 
by the skin. 
Squalene, which is already largely used in the production of skin products, belongs 
to the class of ramified terpene hydrocarbons. This acyclic triterpene, whose  
chemical name is hexa -methyltetracosene, is of natural (animal or vegetable) origin 
and makes up 5% to 7% of human sebum. 5 The main source of squalene is deep-sea 
shark liver oil containing up to 80% squalene content, olive oil with 0.3% to 0.7% 
and yeast fat having up to 16%. At present, this most highly requested product is 
obtained from olive oil since it allows us reach up to 85% purity, even compared to 
homologous products.6 Although its organoleptic appearance, odour and colour have 
been improved by means of new vanguard chemical processes 7, to date large scale 
utilization without af fecting the finished product is not possible. Furthermore, its  
excessive saturation (with an iodine value higher than 300) and the fact that it is one 
of the causes of over stimulation of the sebaceous glands (leading to atrophy in the 
long run) limits the  use of squalene to specific applications. Its high cost, far higher 
than the cost of the previously mentioned products, further limits its utilization.  
 
Squalane, also known as perido -qualene or dodecahydro -squalene belongs to the 
same family and is a totally hydrogenated squalene8. 
As well as having excellent organoleptic qualities, squalane is colourless and  
odourless9. Other highly appreciated characteristics are its natural source and  
saturation, as mentioned above. However, squalane does not enter th e cutaneous 
metabolism. In particular, its topical application may, in the long run, affect the  
activity of the pilosebaceous glands causing an unbalance mainly involving the  

                                            
4 Acanthosis: thickening of the malpighian or  spinous layer  due to excessive cell multiplication. In 
normal conditions, there are only two or three well differentiated cell rows, whereas in an anomalous 
situation, there may be up to ten cell rows with diskeratosic aspects (incomplete maturation process). 
5 Human sebum is synthetized in several steps involving eight enzymic reactions 
6 They differ from the initial compound by the presence of one or more =CH2 groups and with quite 
similar chemical and physical properties. 
7 Molecular distillation and winterization. 
8 Hydrogenization: by which hydrogen is added to the molecules of unsaturated organic compounds so 
that the double and triple bonds become saturated . 
9 Although, in the long run, it may become opalescent and yellowish if not adequately processed. 
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piliferous component. Furthermore, contagion may easily occur and be difficult to  
identify10. 
From a commercial viewpoint, obtaining large quantities is rather difficult, since  
demand is greater than supply, and it has a higher cost than squalene, thus making it 
less attractive than other products. These are the reasons why a new catego ry of 
compounds, i.e. synthetic hydrocarbons obtained by controlled polymerization, was 
developed11. 
Polyisobutene (a homopolymer of isobutylene), polyisobutylene 12 (poly-
sinlane/Syntelane) and polyisoprene13 belong to this category. 
Polyisobutene and polyisobutylene are colourless, odourless and saturated but their 
structural skeleton differs from squalene. As a matter of fact, squalene and squalane 
have an isoprenoide base (C5) whereas butylene isomers originate from C4. 
Polyisoprene is also colourless and o dourless, but since it is similar to squalene, it is 
almost suitable for skin application. However, it does have two drawbacks, i.e. its 
high iodine value and its inhibiting sterol cyclization 14 whose importance will be  
explained. 
Thus, the idea of developing an only partially hydrogenated hexaisoprene arose from 
the need to obtain a product similar to both squalene and squalane whose molecular 
weight is close to the m.weight of squalene (410 dalton compared to 423 of squalane) 
and which would be more useful to the skin. 
Polyisoprene, whose formula is (C 3H8), is obtained by complete polymerization and 
its degree ranges between 3 and 6. The product contains trimers, tetramers,  

                                            
10 Vegetable squalene mixed with animal squalene and then hydrogenated or vegetable squalene mixed 
with Pristane (Norfitane), a by-product of animal squalene hydrogenation. 
11 A multiple formula as compared to the basic compound 
12 Just like hydrogenated butylene isomers (of which it has the empirical formula but a different 
structural formula), it is polymerized between 6 and 8. 
13 which may also have a natural origin. 
14 To highlight the complexity of certain mechanisms, we think it is important to report some 
interesting laboratory observations: 
a) non esterified sterol production by the skin, meaning as free cholesterol, increases: 
* during UVC and UVB exposure 
* after percutaneous progesterone and testosterone treatment 
whereas it decreases by: 
* exposure to IR and thermal applications at 40°C. 
* treatment with estrogens 
* application of some organic salts 
* application of some inorganic salts 
* application of oligoelements  (e.g. magnesium is a catalyst  of cutaneous cholesterol) 
b) the synthesis of cholesterol sulphate (accumulating because of cholestero l sulfo-transferasic 

activity during keratinocyte differentiation ) has also been observed  in the cutis after treatment 
with retinoids known to inhibit keratinocyte differentiation. 

c) Cholesterol sulphate is a lipid which is scarcely represented in the b asal and spinous layers but 
more abundant in the cells of the granular and horny layers where the sulfate cholesterol may reach 
a 1:5 and 1:10 ratio. 

d) Sebum composition is simply the consequence of a metabolic process involving several layers of 
cell activity, and according to recent observations, the defect in keratinocyte differentiation  
(forming the wall  of the follicular canal) affects the cholesterol sulfate ratio and is the main cause 
of acne. 
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pentamers but most of all hexamers (and is therefore called hexaisoprene) 15. Its 
brand name is Syntesqual. 
We thus obtained an excellent organoleptic product (stable, colourless and  
odourless) which is non comedogenic, non acanthogenic, has particular dermo -
affinity (limited and indispensable insaturation and is quite similar to substances  
produced by the skin), and has useful extraction properties and moderate costs. 
It should be mentioned that sterol cyclization has been measured by a cutaneous 
squalene assay carried out before and after applying Syntesqual. It was thus found 
that Syntesqual does not inhibit natural squalene cyclization which is responsible for 
the neoformation of sterols whose task is to ensure that the sebum has the correct 
hydrophilic level. This means that it is fluid enough to prevent occlusion, yet can still 
maintain good hygrostasis. 
As far as its pharmacotoxicologic aspects are concerned, it can be stated that  
Syntesqual is a safe excipient as has been proven by numerous tests including the 
following:  
 

LD 50 per os (mouse and rat) 
LD 50 itp (mouse and rat) 
Subacute toxicity per os (rat) 
chronic toxicity, transcutaneous administration (rat) 
ocular tolerance (rabbit) 
Cutaneous tolerance with occlusive test 
(healthy and scarified cutis of rabbit) 
Cutaneous tolerance with occlusive test (guinea pig) 
Teratogenesis ed embryotoxicity (rat and rabbit) 
Cancerogenesis (mouse) 

 
 
The main characteristics and registrations of Syntesqual are reported in the following 
tables:  
 

trade name Syntesqual 
sole manufacturer Vevy Europe 

Trademark and patent 1965 
  

INCI name Polyisoprene 
CAS No 9003-31-0 

FDA CRMCS No R-0015305 
JCIC Polyisoprene (108623) 

DIIC No 699200 
 

applications cosmetic and pharmaceutical preparations 
properties oily dermo-affinity excipient, eudermic substitute of 

mineral oils 
use levels 2%-30%         30%-70% 

                                            
15 A characteristic of natural and synthetic polymers is the fact that their molecules have differentiated 

molecular weight  
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solubility lipidic systems 

appearance limpid oily liquid 
odour almost odourless 
colour Colourless 

density [25°c] 0.830 - 0.838 
cloud point < -5 °C 

Solidification point -21 ÷ - 25 
Acid value max 1 

Iodine value [Wijs]16 100 – 120 
 
Several experimental studies (papers) are available enhancing the application  
properties of Syntesqual in the formulation of anhydrous systems (oleolites, pastes, 
lipogels), absorption bases, fluid and consistent O/W, W/O and mixed emulsions, 
W/S emulsions based on alkyldimethicone copoliol, in which both the emulsifier and 
the lipid portion are siliconic. 
 
Isoprene homopolymers with differentiated condensation 
Based on the experience which led to the development of Syntesqual, we decided to 
develop one or more products which, though having the same matrix, would protect 
the skin better. 
The degree of polymerization 17 of the product was increased so as to obtain various 
models having specific characteristics. 
Polymerization of isoprene or methylbutadiene 18 is far fr om easy. The use of pure 
isoprene at a concentration above 99% and of particular catalysts is indispensable in 
order to obtain complete polymerization. 
The four experimental models we implemented are: Syntesqual Standard, Low  
Viscosity, High Viscosity and Jelly. Various tests were carried out on these models 
and the results are reported in the following Tables:  
 
 

Organoleptic Test 
 

 Appearance colour odour 
Syntesqual-ST Clear liquid colourless almost odourless 
Syntesqual-LV Clear viscous colourless almost odourless 
Syntesqual-HV Clear high viscous colourless almost odourless 

Syntesqual-J Translucent solid colourless almost odourless 
 
 

                                            
16Note for analysts. We are referring to unsaturated lipid bodies. During the reaction with Wijs’s 
reagent, iodine atom fixes to a double bond (fixation does not occur in saturated lipid bodies because 
there are no double bonds). There are hydrogenated (squalane) or partially hydrogenated non linear or 
ramified lipids (Syntesqual) with lateral chains. In this case, the molecule remains liquid tough being 
partially or completely saturated. These ramifications may randomly bind iodine (a parameter which 
also depends on the quantity of the product used for analysis and on the reaction time). Thus different 
iodine values are obtained when analysis is repeated. 
17 Polycondensation: a reaction whi ch leads to the formation of High Viscosity Polymers and at the 
same time to the elimination of small molecules (water, carbon dioxide). 
18 Unsaturated hydrocarbon of the olefin group. 
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Analytical Test 

 
 Acid value iodine value density cloud point 

Syntesqual-ST 0.1 102 0.834 < -  5°C 
Syntesqual-LV 0.1 31 0.877 < -14°C 
Syntesqual-HV 0.1 22 0.886 < -10°C 

Syntesqual-J 0.2 14 0.850 = = = 
 
 

Viscosimetry 
 

 rpm CPs Brook unit 
Syntesqual-ST [capill] 30 N/A 
Syntesqual-LV 5 89 22.3 
Syntesqual-HV 5 222 55.7 

Syntesqual-J 5 N/A N/A 
 
 
Subsequently, the distribution of the molecular weight of each group was determined 
by GPC (Gel Permeation Chromatography) also called SEC (Size Exclusion  
Chromatography) in the operating conditions illustrated below. 
 
 
 
 
 
 

Column 104 ⇒ 103 ⇒ 500 ⇒ 100 Å   µStyragel 
Solvent Tetrahydrofuran 

Flow 1ml/min 
Detector Differential Refractometer  

Sample concentration ≅ 2% 
Injection 100 µl 

Calibration line Standard Polyisoprene 
 
The findings show that: 
 

 Degree of Polymerization 
 min max  

Syntesqual-ST 3 6 
Syntesqual-LV 10 15 
Syntesqual-HV 15 20 

Syntesqual-J 10 140 
 
from an analytical viewpoint, differentiation of the Low Viscosity and the High  
Viscosity Model is not very interesting since they have about the same degree of 
polymerization. The Jelly model is, however, of far g reater interest. Possibilities of 
application were investigated by formulating some anhydrous systems, absorption 
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bases as well as fluid and consistent O/W and W/O emulsions containing the  
different Syntesqual models. We worked on a very simple, solid O/W emulsion 
 

O/W Solid Emulsion 
 

Xalifin-15 200 
Syntesqual 150 
Undebenzofene-C 13 
Demineralized Water 587 
Propylene Glycol 50 
Total 1000 
 
and determined the viscosity of the product according to the adopted model. 
 

Viscosimetry 
 

 Rpm CPs Brook unit 
O/W Syntesqual-ST 1.5 106.000 39.3 
O/W Syntesqual-LV 1.5 143.000 53.4 
O/W Syntesqual-HV 1.5 145.000 53.0 

O/W Syntesqual-J 1.5 121.000 45.7 
 
 
Two of our findings are noteworthy: again the High Viscosity and Low Viscosity 
models seem to be superimposible an d the difference in viscosity of the various  
models is not especially relevant. This means that the use of either model will not 
greatly affect the viscosity of the finished product. 
 
We then investigated the protection capacity by using an empirical but highly 
efficient method. A circle of the same diameter was drawn on each of four quality 2, 
24 cm. diameter Whatman filter paper disks. An identical amount of the emulsion 

containing the four  
different Syntesqual 
models was applied to the 
areas thus obtain ed. The 
same quantity of the  
colouring solution was  
sprayed under identical  
conditions. After the  
same time lapse (1 minute 
and 30 seconds) the  
results in the related four 
figures (Standard, L-Visc, 
H-Visc and Jelly) were  
obtained, which show the 
well proportioned 

protective effect. Once again it is noteworthy that the Low and High viscosity  
models are quite alike and that the Jelly model produces the best results.  
 

Standard L- Visc 

H- Visc Jelly 
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The water-repellent properties of a sun tan lotion were then tested according to the 
FDA/New Zealand Standard and highly satisfactory results were obtained. 
 

Absorption sense 
O/W emulsion 

Person ST LV HV JE 
A 3 1 1 2 
B 3 1 1 2 
C 2 1 3 2 
D 3 2 1 2 
E 3 1 1 2 

 
 
The above table shows the results of a test carried out on five volunteers who we re 
asked to judge the absorption of the product by assigning a score from 1 to three (1 = 
poor absorption, 2 = moderate absorption, 3 = excellent absorption). Clearly, the tins 
or pots containing the preparation were anonymous and the people were not  
informed as to the aim of the research. We can therefore affirm that the various  
Syntesqual models provide the following advantages: they have the same isoprenoid 
matrix19, are easy to apply in terms of consistency and hence easy to handle, they 
have the same li pid body (all models may wholly replace an oil portion in the lipid 
phase of an emulsion) and proportionate effect.  

                                            
19 Syntesqual was used as starting product for all models 


