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Introduction 

We previously reported the existence of gap junctions between cultured rabbit synovial 
fibroblasts (HIG-82, ATCC) (O.V. Kolomytkin, A.A. Marino, K.K. Sadasivan, R.E. Wolf 
and J.A. Albright. Interleukin-1ß switches electrophysiological states of synovial 
fibroblasts. Am. J. Physiol. 273 (Regulatory Integrative Comp. Physiol. 42):R1822–
R1828, 1997). This study was undertaken to establish the presence of functional gap 
junctions in human synovial cells and synovial tissue. 

  



Theoretical Considerations 

Measurement of Gap Junctions Based on Analysis of Transient Current 

Assume that the measured cell in an aggregate is surrounded by n identical adjacent cells and 
that gap junctions are present between adjacent cells (Figure A). If a voltage step V is applied to 
the electrode, the resulting current, I, satisfies 

𝑅𝐶	𝐼̈ + {[𝑛 + 1 + (𝑟 𝑅-⁄ )](𝑅 𝑟⁄ ) + 1}𝐼̇ + [1 (𝑟𝐶)⁄ ][(𝑟 𝑅-⁄ ) + 1]𝐼 = [1 (𝑟𝐶)⁄ ][𝑛 + 1 + (𝑟 𝑅-⁄ )](𝑉 𝑅-⁄ ) 

where C is the capacitance of the membrane of each cell, R is the resistance of the perforated 
patch, r is the resistance of the gap junctions between two adjacent cells in the aggregate, and Rc 
is the resistance of the cell membrane (Figures B and C). 

The solution is 𝐼(𝑡) = 𝐶6𝑒𝑥𝑝[𝑘6𝑡] + 𝐶;𝑒𝑥𝑝[𝑘;𝑡] + 𝐼<, where  

𝑘6,; =
>−[𝑛 + 1 + (𝑟 𝑅-⁄ )](𝑅 𝑟⁄ ) − 1 ± A{[𝑛 + 1 + (𝑟 𝑅-⁄ )](𝑅 𝑟⁄ ) + 1}; − 4(𝑅 𝑟⁄ )[1 + (𝑟 𝑅-⁄ )]C 2𝑅𝐶⁄ , C1 
and C2 are constants, and t is time. 

𝐼< = 𝑉 [𝑛 + 1 + (𝑟 𝑅-⁄ )] 𝑅-[1 + 𝑟 𝑅-⁄ ]⁄ , where I0 is the current for t ® ¥. 

For the case of a single cell (n = 0, t ® ¥), k = 1/RC. R was found from the initial condition, R = 
V/I(0), with V = 2 mV. C was obtained by fitting the solution I(t) = I(0) exp [–t/RC] to the 
experimental curves. 

  



Figure A 
 

 

 

  

The patched cell is assumed to form 
gap junctions with adjacent cells. 



Figure B 
 

 

Equivalent circuit for a cell aggregate of arbitrary size. 

  



Figure C 
 

 

Simplified equivalent circuit for use in calculation. 
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Cells and Tissue 

 

  



Electrical Measurements 

 

  



Gap Junction Resistance 

 

  



Results 

 
intercellular substances. in 5 instances, however, involving cells from 3 patients, patches were formed, 
and it was therefore possible to employ the electrical technique to ascertain whether the patched cell 
formed gap junctions. In each instances, long time constants for decay of the current were observed, 
suggesting that the patched cell formed gap junctions (Figure). 

  



Transient Current Responses for Human 
Synovial Cells in Culture to a Voltage Step 

 

After perforated patch formation, a 2-mV step was applied to the electrode at zero time. 
Curve 1, patch formed on an isolated cell; curve 2, patch formed in a cell that was 
aggregated with 3 other cells; curve 3, aggregate of more than 10 cells. Individual records 
were filtered with a 10-kHz low-pass 4-pole Bessel filter; each curve was produced by 
averaging 10 voltage steps. Scale for curves 1, 2 is shown on the left side, and for curve 3 on 
the right side. 

  



Transient Current Responses of Human  
Synovial Tissue Cell to a Voltage Step 

 

After perforated patch formation, a 2-mV step was applied to the electrode. The curve was 
produced by averaging 10 voltage steps. Individual records were filtered with a 10-kHz low-
pass 4-pole Bessel filter. The long current decay proved the existence of gap junctions 
between cells in the tissues.  



Synovial Cells From an Osteoarthritis Patient 

 

Two synovial cell processes are united by a lengthy gap junction (arrows). (Courtesy of Dr. 
William Meek, Oklahoma State University.)  



Discussion 

 

  



Advantages of the Electrical Method 
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