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The concentration of 5 different proteins in suction 
blister fluid and serum was determined by im.munotech
niques. These proteins, varying in size and molecular 
weight (6,600-2,300,000) were insulin, albumin, high den
sity lipoprotein determined as apoprotein A-1, a 2-mac
roglobulin and low density lipoprotein measured as apo
protein B. 

The difference in the blister fluid/serum concentration 
ratio of the proteins was dependent on the molecular 
weight and followed mainly the law of diffusion. More
over, the amounts of insulin, albumin and apoproteins 
A-1 and Bin suction blister fluid were the same as those 
reported in peripheral lymph. 

The results indicate that the sieve function of the 
capillary basement membrane remains intact during the 
formation of the suction blisters. Suction blister fluid 
might therefore be regarded as representative of inter
stitial fluid. 

The concentrations of 4 different lipids (cholesterol, 
cholesterolesters, triglycerides and phospholipids) were 
also determined and their blister fluid/serum concentra
tion ratio proved to have a fairly constant value of 0.25. 

Interactions between cells (e.g. smooth muscle cells, macro
phages) and lipoproteins seem to play an important role in the 
development of atherosclerosis and xanthomatosis [1,4). It is 
important to keep in mind that only endothelial cells are in 
direct contact with the blood; the smooth muscle cells in the 
vascular wall and cells in the dermis are surrounded by inter
stitial fluid. 

It has been suggested that blister fluid obtained by mild 
(-200 mm Hg) suction represents interstitial fluid. So far, only 
a study by Kiistala [5] has demonstrated an inverse relationship 
between molecular weight and blister-to-serum concentration 
ratios of proteins, thus indicating that the sieve function of the 
vascular wall remained intact. We have determined the blister/ 
serum concentration ratios of 5 proteins ranging in molecular 
weight from 6,600 (insulin) to 2,300,000 (low density lipopro
tein), to find out whether the aforementioned suggestion is also 
valid for these proteins. 

We assumed that the concentrations of apoprotein B and 
apoprotein A-I were representative for the concentrations of 
low density lipoprotein (LDL) and high density liproprotein 
(HDL). Separately, we also determined the concentration in 
the blister fluid of various lipid substances which are present in 
the lipoproteins. 

MATERIALS AND METHODS 

Suction blister fluid (0.5-0.8 ml) was collected between 9.00 AM and 
11.00 AM from 6 fasting volunteers by mild suction (-200 mm Hg) with 
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the aid of the suction blister device described by Kiistala [6]. The 
blister fluid (0.5-0.8 rnl) obtained from 7 blisters per person was checked 
for the presence of cells in order to exclude damage to the vascular wall 
in individuals with a high susceptibility for this type of suction. Only 
when no cells were found the fluid was used for analyses. Blood was 
collected from the fasting subjects at 11.00 AM by venapuncture of the 
cubital vein and allowed to clot. 

concentration blister fluid 
The concentration serum = CB/ CS of a.-macroglobulin and 

apoprotein A-I (the major protein component of HDL) was determined 
by radial immunodiffusion according to Mancini, Carbonara, and Here
man [7) using monospecific antisera prepared in our laboratory [8,9). 
These antisera were tested for mono pecificity by means of immunoe
lectrophoresis and Ouchterlony double diffusion. The CB/ CS of apo
protein B (the major component of LDL) and albumin were determined 
on commercially available immunodiffusion plates (Partigen-Behring
werke A.G., Marburg am Lahn, W. Germany) . Samples of blister fluid 
and serum were applied to the same Mancini plates. The 2 immuno
precipitate areas were measured and used to calculate the CB/ CS ratio. 
The plates were read by a measuring projector for immuno-analysis 
(Behring Institute A.G., Marburg am Lahn, W. Germany) . Insulin was 
determined by a radioimmunoassay according to Berson and Y alow 
[10]. 

Lipid composition was determined by densitometry after thin-layer 
chromatogTBphy and charring with sulfuric acid, as previously described 
[ 11). Total lipids were determined after extraction [ 12) and by weighing 
[13l 

RESULTS 

The blister fluid/serum concentration ratio (CB/ CS) of the 
proteins are hown in the Figure and the Table and are plotted 
as a function of the logarithm of their molecular weight (trian
gles). It is evident that the CB/CS for LDL with a molecular 
weight (MW) of circa 2,300,000 measured as apo B, as well as 
the CB/ CS for a 2-macroglobulin (MW 800,000) is considerably 
lower than that of HDL (MW circa 250,000) and albumin (MW 
69,000) . Furthermore, the CB/CS ratio for insulin (MW 6,600) 
is 0.90 ± 0.01. 

Lipid analysis showed that all major classes of lipids present 
in plasma (triglycerides, cholesterol, cholesterol esters and phos
pholipids) are also present in blister fluid. The concentration 
ratio of these lipids in blister fluid was 0.20-0.27 (see the Table) . 

The movement of a macromolecule is expressed in terms of 
its diffusion coefficient (D), a parameter which is inversely 
related to its molecular weight. We assumed that a diffusion 
process would be responsible for the differences in concentra
tions of the various proteins measured in blister fluid. There
fore, the known [14) D of9 globular proteins are plotted against 
the logarithm of their molecular weight (Figure; closed circles). 
The 9 proteins were chosen in such a way that a large range of 
molecular weights was covered. Moreover, the diffusion coeffi
cients of the 5 proteins of which the CB/ CS was measured were 
included. 

DISCUSSION 

As shown in the Figure, the blister fluid / serum concentration 
ratio of proteins is dependent on the logarithm of their molec
ular weight, and this ratio drops sharply from 0.90 to 0.29 for 
substances with a molecular weight lying between 6,600 (insu
lin) and 60,000 (albumin) . These findings are in accordance 
with the rapid decrease of lymph/ serum concentration ratios 
for dextran molecules with molecular weights between 6,000 
and 30,000 observed by Grotte [15]. 
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The blister fluid/serum concentration ratio (CB/CS) of 5 different 
proteins &--& , and the diffusion coefficients (Dif[. Coeff.) (D = 10- 7 

cm2/ sec), at 38°C of 9 globular proteins.--... plotted as a function 
of the logarithm of their molecular weight. The 9 globular proteins 
ascending in molecular weight were respectively: (1) insulin (6,600); (2) 
cytochrome C (13,300); (3) trypsinogen (23,560) ; (4) carboxypeptidase 
(34,280); (5) albumin (68,460); (6) HDL (250,000) ; (7) apoferritin 
(466,900); (8) a2-macroglobulin (775,500}; (9) LDL (2,300,000) . See 
reference 14. 

The blister fluid/serum concentration ratio (CB!CS) of 5 proteins 
and 4lipids 

Proteins CB/CS Average SD ± 1 (n- 6) 

Insulin 0.90 ± 0.01 
Albumin 0.29 ± 0.04 
Apo A-1 0.24 ± 0.02 
az-macroglobulin 0.14 ± 0.01 
Apo B 0.16 ±0.02 

Lipids CB!CS Average SO ± 1 (n - 6} 

Sterol 0.27 ± 0.04 
terolesters 0.27 ± 0.04 

Phospholipids 0.20 ± O.Gl 
Triglycerides 0.21 ± 0.05 
Total lipids 0.25 ± 0.04 

Moreover, the further slow decrease of the blister fluid/serum 
concentration ratio for molecules exceeding molecular weights 
of ~.000 was also found by Garlick and Renkin (16] in investi
gatiOns on the lymph/serum concentration ratios for dextran 
molecules with molecular weights ranging between 60,000 and 
500,000. 

From these observations it can be concluded that the capil
Lary po~e system with a diameter of 45 run and the system 
responsible for transport of large molecules remain intact under 
the conditions of our experiment [17]. Furthermore, the tine 
drawn through the diffusion coefficients of globular proteins 
(Figure) could be superimposed on the measured data shown in 
the Figure. The concentration of high molecular weight sub
stances in blister fluid therefore seems to be determined mainly 
by passive diffusion, which is in agreement with the findings of 
Garlick and Henkin [16] for peripheral lymph. 

In addition, it was found by Herfst and van Rees [18] that 
the flow of low molecular weight substances (<6,000) into the 
blister fluid also obeyed the law of diffusion. 

If we consider peripheral lymph to represent the interstitial 
fluid, we must keep in mind the fact that the protein content in 
peripheral lymph is variable and is dependent on the lymph 
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flow [19]. The blister fluid/serum concentration ratio we found 
for albumin, i.e., 0.3, is in accordance with the findings of 
Kiistala [5]. This ratio was also found for peripheral lymph at 
a lymph flow which is maximal during exercise (19]. 

Comparison ofthe concentration ratio of0.16 (±0.02) for Apo 
B and of 0.24 (±0.02) for Apo A-1 with those given by Reichl 
and Myant [20] for peripheral lymph, shows that their values 
are somewhat lower than ours (Apo B = 0.10; Apo A-1 = 0.20) 
but the difference is very small. Moreover, Reichl et al [21] 
showed that on the basis of biological activity, the concentration 
of LDL is approximately 10% of the LDL concentration in 
serum. 

The concentration ratio (CB/CS) of various lipids in blister 
fluid were in agreement with the values obtained for peripheral 
lymph of rabbits [22] and sheep [23]. Reichl's [24] values for 
total cholesterol and triglycerides in human peripheral lymph 
are 5-10% of those in plasma. Whether this difference must be 
attributed to variations in the composition of peripheral lymph 
under various conditions or to differences in the method used 
for lipid determination remains to be answered. By determining 
4 different classes of lipid, we have shown that there is no 
selectivity for the lipid classes in the blister fluid. 

The lipid and apoprotein levels found in blister fluid suggest 
that the composition of the lipoproteins in interstitial fluid 
differs from that of the lipoproteins in blood. This assumption 
is supported by the difference in the electrophoretic mobility of 
apoprotein B-containing lipoproteins in peripheral lymph found 
by Reichl et al [25]. 

The pathogenesis of atherosclerosis and xanthomatosis is 
studied extensively using cultured cells exposed to different 
lipoproteins [26]. However, the incubation of the cells with the 
various lipoproteins should resemble as closely as possible the 
in vivo situation. The measurement of the different lipoprotein 
concentrations in suction blister fluid is of importance to deter
mine the correct incubation conditions for cultured cells, which 
are in vivo surrounded by interstitial fluid. 

The authors wish to express their gratitude to Dr. M. Frolich and 
Mr. A. Vermond for expert technical assistance. 

REFERENCES 
1. Ross R, Glomset JA: The pathogenesis of atherosclerosis. New 

Engl J Med 295:369-377, 1976 
2. Parker F, Odland GF: Experimental xanthoma: A correlative bio

chemical, histologic, histochemical, and electron microscopic 
study. Am J Pathol 53:537-565, 1968 

3. Walton KW, Thomas C, Dunkerley DJ: The pathogenesis of xan
thomata. J Pathol 109:271-289, 1973 

4. Braun-Falco 0 : Origin, structure and function of the xanthoma cell. 
Nutr Metabol 15:68-88, 1973 

5. Kiistala U: Proteins in suction blisters of human skin. Abstract 
ESDR Meeting, Noordwijkerhout, 1969 

6. Kiistala U: Suction blister device for separation of viable epidermis 
from dermis. J Invest Dermatol 50:129-137, 1968 

7. Mancini G, Carbonara AO, Heremans JF: 1mmunochemical quan
titation of antigens by single radial immunodiffusion. lnununo
chemistry 2:235-254, 1965 

8. Reman FC, Vermond A: The quantitative determination of apo
Lipoprotein A-1 (apo-lp-Gln I) in human serum by radial immu
nodiffusion assay (RID). Clin Chim Acta 87:387-394, 1978 

9. Nieuwenhuizen W, Emeis JJ, Hemmink J : Purification and prop
erties of rat a2 acute-phase macroglobulin, submitted for publi
cation 

10. Berson SA, Y a! ow RS: Quantitative aspects of the reaction between 
insulin and insulin-binding antibody. J Clin Invest 38:1996-2016, 
1959 

11. Van Gent CM: Separation and microdetermination of lipids by thin 
layer chromatography followed by densitometry. Zeitschr fiir 
Analyt Chemie 236:344-349, 1968 

12. Folch J, Lees M, Sloane Stanley GH: A simple method for the 
isolation and purification of total lipids from animal tissues. J 
Bioi Chern 226:497-509, 1957 

13. Van Gent CM: Lipid composition of lipoprotein fractions, Protides 
of the Biological Fluids, vol 19. Edited by H Peeters, New York, 
Pergamon Press 1972, p 75 

14. Sober HA, Harte RA: Handbook of Biochemistry. Chemical Rubber 
Co, Cleveland, Ohio, USA, 1970, pp C1G-C24 

L5. Grotte G: Passage of dextran molecules across the blood-lymph 



Oct. 1979 LIPIDS AND PROTEINS IN SUCTION BLISTER FLUIDS 305 

barrier. Acta Chir Scand suppl 211, 1956 
16. Garlick DG, Renkin EM: Transport of large molecules from plasma 

to int.erstitiaJ fluid and lymph in dogs. Am J Physiol 219:1595-
1605, 1970 

17. Yoffey JM, Courtice FC: The formation of lymph in lymphatics, 
lymph and the lymphomyeloid complex. Edited by Yoffey and 
Courtice, London, Academic Press, 1970, pp 123-132 

18. Herfst MJ, Van Rees H: Suction blister fluid as a model for 
interstitial fluid in rats. Arch Dermatol Res 263:325-334, 1978 

19. Olcewski WL, Engeset A. Sokolowski J : Lymph flow and protein in 
the normal maJe leg during lying, getting up and walking. Lym
phology 10:178-183, 1977 

20. Reichl 0, Myant 1\IB: Liproproteins of human peripheraJ lymph. 
Protides of the BiologicaJ Fluids. Edited by H Peeters, New York, 
Pergamon Press, 1977, pp 189-192 

21. Reichl 0, Myant NB, Brown MS, Goldstein JL: Biologically active 
low density lipoprotein in human peripheral lymph. J Clin Invest 

61 :64-71, 1978 
22. Courtice FC: The transfer of proteins and lipids from plasma to 

lymph in the leg of the normaJ and hypercholesterolaemic rabbit. 
J Physiol 155:456-469, 1961 

23. Adams EP: Transport and metabolism of long chain fatty acids in 
the sheep. Thesis. Australian NationaJ University, Canberra, 
A.C.T . 1964 

24. Reichl D, Simons LA, Myant NB, Pflug JJ, Mills GL: The lipids 
and lipoproteins of human peripheraJ lymph, with observations 
on the transport of cholesterol from plasma and tissues into 
lymph. Clin Sci Mol Med 45:313-329, 1973 

25. Reichl D, Postiglione A, Myant NB, Pflug JJ, Press N: Observations 
on the passage of apoproteins from plasma lipoproteins into 
peripheral lymph in two men. Clin Sci Mol Med 49:419-426, 1975 

26. Goldstein JL, Brown MS: Binding and degradation of low density 
lipoproteins by cultured human fibroblasts. J Bioi Chern 249: 
5153-5160, 1974 

CORRECTIONS 

Ln the article Aging of Melanocytes, (73:70-79, 1979) on page 70 the first sentence of the first paragraph 
of the text should read: 

"Diploid human fibroblasts in culture change from rapidly replicating (phase II), to slowly replicating 
(phase Ill), to nonreplicating (phase III) cells [1]." 

In the abstract Stages of Connective Tissue Alteration and Tumor Development under UV A Radiation 
in Mice Skin by G. Mahrle, H. Berger, and K. Kolmel (72:272, 1979) instead of 4 % UVB (at the 
beginning of the third line) it must be 4 0.4% (4 per thousand) UVB. 




