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SUBCUTANEOUS ADMINISTRATION 
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D. SASAKI, AND M. G. MUTCHNICK 

Deparmtent of Internal Medicine 
Division of Gastroenterologv 

Wayne State University School of Medicine 
Lktroit, Michigan 48201 

ABSTRACl 

Thymosin a, (Ta,) is a 28 aa peptide which is prepared synthetically for 
clinical use in settings where an imnune modulating peptide is predicted to have 
efficacy. With the increase in clinical studies utilizing Ta, as a single agent 
or in combination with other therapeutic agents the need to accurately assess the 
pharmacokinetics of serum levels of the authentic Ta, in serum has become clear. 
Utilizing radioinnnunoassays, previous studies have demonstrated elevated levels 
of thymosin like material in serum for 3-6 hours following administration. This 
study reports the development of an extraction-analysis procedure which combines 
HPLC specificity with ELISA sensitivity to measure the levels of authentic Ta 
following subcutaneous admini strati on. The precision, specificity and 
sensitivity data for the procedure is presented as well as data confirming the 
ability of the procedure to assess levels in human subjects following 
subcutaneous admini stration. 

JNTRODUCT ION 

Thymosin a1 (Tal) is a 28 amino acid peptide currently undergoing 

evaluation in clinical trials where modulation of immune response may be a 
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3542 NAYLOR ET AL. 

c r i t i c a l  f a c t o r  i n  the  con t ro l  o r  clearance o f  disease (1-6). Tu, i s  

administered subcutaneously, genera l l y  as two o r  th ree  i n j e c t i o n s  over the  per iod  

o f  a week. The i n  v i v o  events which r e s u l t  i n  p o s i t i v e  e f f e c t s  such as the  

clearance o f  the  h e p a t i t i s  B v i r u s ,  an enhancement o f  response t o  vacc ina t ion  o r  

improvement i n  the  su rv i va l  t i m e  o f  cancer pa t i en ts  rece iv ing  var ious therapies 

are be l ieved t o  center  around Ta,’s capac i ty  t o  enhance immune responses. The 

s p e c i f i c  mechanism(s) o f  ac t ion ,  however, has no t  been def ined. I n  v i t r o  studies 

suggest t h a t  an important mechanism may be the  i nduc t i on  o f  cy tok ine  product ion 

o r  an increase i n  cy tok ine  receptors (7,8).  I n i t i a l l y  i so la ted  from the  thymus, 

Ta, has a lso  been i d e n t i f i e d  i n  high l e v e l s  i n  spleen t i ssue ,  i s  secreted by 

lymphocytes and i s  present i n  serum (9-14) .  As w i t h  many cy tok ines  and p ro te in  

hormones, lower bu t  de tec tab le  l e v e l s  are a lso  found i n  e s s e n t i a l l y  a l l  t i ssues  

and c e l l s  (13-15) .  

Using a radioimmunoassay based on a r a b b i t  antibody which i s  s p e c i f i c  f o r  

To, and has been shown t o  recognize epi topes contained i n  the  N-terminal  and C -  

te rmina l  regions, elevated serum l e v e l s  o f  thymosin l i k e  ma te r ia l  (TLM) have been 

detected a f t e r  subcutaneous (sc )  admin is t ra t ion  (16). The subjects i n  the  

publ ished study were p a r t  o f  a Phase I 1  c l i n i c a l  t r i a l  o f  thymosin as a fo l low-up 

t o  i r r a d i a t i o n  i n  l ung  cancer pa t i en ts .  I n  a l l  subjects,  pharmacological l e v e l s  

o f  TLM were measured between 1 and 6 hrs .  S im i la r  r e s u l t s  have been obtained i n  

i nd i v idua ls  who were H I V  p o s i t i v e  and i n  e l d e r l y  i n d i v i d u a l s .  

r e s u l t s  o f  Naylor e t  a l ) .  

(unpublished 

The s tud ies  presented here, descr ibe the  development o f  an HPLC-ELISA 

method t o  determine the  l e v e l s  o f  au thent ic  28 aa Ta, i n  serum fo l l ow ing  sc 

admin is t ra t ion .  The ELISA i s  requ i red  f o r  de tec t i on  s ince even fo l l ow ing  

i n j e c t i o n  o f  1.6 mg o f  Ta,, serum l e v e l s  are no t  h igh  enough t o  be measured w i t h  

the  uv de tec tor  o f  the  HPLC u n i t .  The s p e c i f i c i t y ,  s e n s i t i v i t y ,  l i n e a r i t y ,  

p rec i s ion  and accuracy o f  t he  method i s  def ined. The u t i l i t y  o f  t he  method i s  

demonstrated using serum from an i n d i v i d u a l  rece iv ing  a sc i n j e c t i o n  o f  Ta,. 
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Seo-Pak E x t r a c t i o n  Procedure 

P r i o r  t o  HPLC ana lys i s ,  t h e  Ta, i n  samples was e x t r a c t e d  us ing  a Waters C18 

Sep-Pak. The sep-pak con ta ins  Cl8 ubondapak reverse phase r e s i n  and was prepared 

by s e q u e n t i a l l y  washing w i t h  Methanol, HPLC grade water and t h e  b u f f e r  o f  choice 

( B u f f e r  A = 20 mM Potassium Phosphate, PH 6.0). The sample ( t y p i c a l l y  2 mls of 

serum) was loaded onto t h e  column and vacuum app l i ed  us ing  a Waters Sep-Pak 

Man i fo ld .  The e f f l u e n t  was c o l l e c t e d  and i n  t h e  i n i t i a l  s tud ies  t h e  removal o f  

thymosin a, v e r i f i e d  by ELISA. A f t e r  two washes w i t h  b u f f e r  A (2 m l  ea), 2 m l s  

o f  B u f f e r  B(5096 a c e t o n i t r i l e , 5 0  % B u f f e r  A) was drawn through t h e  sep-pak and 

c o l l e c t e d .  A f i n a l  wash us ing  50% a c e t o n i t r i l e  was a l s o  c o l l e c t e d  i n  t h e  i n i t i a l  

s tud ies .  A l l  c o l l e c t e d  samples were evaporated us ing  a Savant Speed-Vac and 

resuspended i n t o  500 u l  o f  HPLC q u a l i t y  water. 

HPLC orocedure 

The HPLC procedure u t i l i z e d  a Perken-Elmer Ser ies  4 L i q u i d  Chromatograph 

w i t h  an 1SS-100 a u t o i n j e c t o r ,  LC235 uv De tec to r  and a programmable ISCO f r a c t i o n  

c o l l e c t o r .  The f l o w  r a t e  was 1 ml/minute, t h e  g r a d i e n t  was 10-50% B u f f e r  B i n  

B u f f e r  A (see above), and t h e  uv d e t e c t o r  s e t  f o r  214 nm. I n j e c t i o n  volumes were 

t y p i c a l l y  100 u l .  

ELISA Drocedure 

The ELISA procedure was a m o d i f i c a t i o n  o f  t h a t  p r e v i o u s l y  pub l i shed  by 

We l le r  e t  a1 (11, 14). I n  b r i e f ,  r a b b i t  ant ibody s p e c i f i c  f o r  Ta, (1/2000 

d i l u t i o n  i n  PBS-Tween-Azide buffer(PTA)) was incubated o v e r n i g h t  a t  40C with 

equal volumes o f  s tandard o r  sample. Ta, coated ELISA p l a t e s  were prepared by 

incuba t ing  Ta, i n  PBS ove rn igh t  a t  40C i n  t h e  w e l l s  o f  Immunolon 4 96 w e l l  

p l a t e s .  A f t e r  washing t h e  ELISA p la tes ,  an a l i q u o t  (50 u l )  o f  t h e  ove rn igh t  

i ncuba t ion  m ix tu re  was added and t h e  p l a t e s  incubated f o r  40 minutes a t  37OC. The 
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3544 NAYLOR ET AL. 

f r e e  ant ibody ( i e  t h a t  which was l e f t  over f o l l o w i n g  t h e  overn igh t  establishment 

o f  t he  equ i l ib r ium)  was captured by the  Ta, on the  p la te .  The .antibody bound t o  

the  Ta, on the  p l a t e  was detected by sequent ia l  add i t ions ,  ( f o l l o w i n g  washes w i t h  

PTA) o f  b i  o t  i n y l  ated-rabbi  t a n t i  body( Vector Ant ibodies Inc)  , av i d i  n -  b i  o t  i n y l  ated 

a1 k a l  i ne  phosphatase (Vector Ant ibodies Inc )  and p-n i t ropheny l  -phosphate 

substrate.(Sigma). The o p t i c a l  dens i t y  a t  405 nm was determined and the  amount 

o f  Ta, i n  the  sample determined by comparison t o  a curve generated using know 

standard concentrat ions o f  Ta,. The curves were t y p i c a l l y  l og -1  i nea r  w i t h  

c o r r e l a t i o n  c o e f f i c i e n t s  o f  a t  l e a s t  0.95 and slopes o f  a t  l e a s t  -.5. Standard 

dev ia t ions  f o r  t h e  standards o f  l e s s  t h a t  2-10% were t y p i c a l l y  obtained.Sample 

va r ia t i ons  were 10-20%. Trimming o f  the  means o f  s e r i a l  d i l u t i o n s  y ie lded  the  

5-10% e r r o r s  i n  the  repor ted  data. 

RESULTS 

The HPLC was used as t h e  c r i t e r i o n  f o r  eva lua t ing  t h e  e x t r a c t i o n  procedure. 

The r e t e n t i o n  t ime o f  Ta, i n  the  HPLC was h i g h l y  reproduc ib le  (0.2% e r r o r ) .  The 

system was a lso  l i n e a r  w i t h  respect t o  the  s i ze  o f  t he  peak area as compared t o  

varying concentrat ions o f  known Ta, (R value = 0.999) and recover ies(  99.4 =/- 

9.1%. (n= 9)(Table 1)). The r e p r o d u c i b i l i t y  o f  the  system with respect t o  

i n j e c t i o n  o f  t he  same sample was 5.7% f o r  t he  Peak Area and 3 . 4 x  f o r  t he  peak 

he igh t .  (n=6) 

The e x t r a c t i o n  procedure resu l ted  i n  recover ies  o f  Ta, from serum samples 

spiked w i t h  known concentrat ions o f  Ta, o f  95% based on HPLC Area and 91% when 

based on HPLC peak he igh t  (n= 6 ) .  The standard dev ia t i on  between samples was 6.6 

% based on peak area and 9.9 % based on peak he igh t .  There was no de tec tab le  Ta, 

i n  the  non-retained sample, o r  the  washes. The serum from a normal i n d i v i d u a l  

was subjected t o  the  procedure i n  p a r a l l e l  t o  the  sample which was spiked w i t h  

syn the t ic  Ta l .  Due t o  the  l a c k  o f  s e n s i t i v i t y  o f  t he  UV de tec tor ,  no Ta, was 
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SERUM LEVELS OF THYMOSIN a1 3545 

TABLE I 
Accuracy o f  HPLC Method by Percent Recovery 

Concentration Peak Calculated %Recovery** 
Ta, in ng/ml Area Peak Area* 

0.0310 2013313 64945580 87.7 
0.0310 2006401 64722612 87.4 
0.0310 2099191 6771 5838 91.4 
0.0625 4759637 76154192 102.8 
0.0625 4704228 75261648 101.6 
0.0625 4637822 74205152 100.2 
0.1250 10085500 80684000 108.9 
0.1250 10210900 81 687200 110.3 
0.1250 10137690 81101520 109.5 

Average Recovery: 99.4 t/- 9.1 
* Peak area/concentration 
** % Recovery = Calculated Peak Area/Average Peak Area per mg(74053749) 

detected in normal serum, thus the HPLC could be used to define recoveries in the 

spiked samples. Figure 1 shows that the Ta, in normal serum could be assessed by 

ELISA and that consistent with the HPLC results,spiked serum had higher levels 

than normal serum. There were no additional peaks as assessed by HPLC in the 

spiked serum and when TLM was assessed by ELISA there were no additional peaks 

in either the normal or spiked sample. 

The specificity of the HPLC retention time for Ta, was assessed by 

comparing retention time of  Ta, with the 14 aa N-terminal and 14 aa C-terminal 

peptide (Figure 2). The retention time for Ta, was 14.0, for N-14 Ta, it was 

11.4 and for C-14 Ta, was 9.1. The procedure clearly differentiates between the 

three peptides. 

Serum from an individual injected with 1.6 mg of Ta, was obtained prior to 

injection and at 0.5,1,2,3,4,6, and 24 hrs. TLM at levels significantly above 

baseline was present between 0.5 and 4 hrs (Figure 2). A decline was clearly 

evident at 6 hrs and levels were at baseline by 24 hrs. Samples were then 

subjected to the Sep-Pak,HPLC, ELISA procedure to determine whether the TLM was 

present as the authentic 28 aa peptide. As indicated in Figure 3, the only 

detectible immunoreactivity had a retention time identical to Ta,. 
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0 10 2 0  

Timdhours) 

3 0  

FIGURE 1 

Serum samples with and w i thout  added Tal  were subjected t o  the  Sep-Pak-HPLC 

procedure and the  presence o f  Ta, assessed by ELISA. I d e n t i c a l  s ing le  

imnunoreactive peaks were i d e n t i f i e d  i n  both samples. The values are expressed 

as pg/ml o f  resuspended ex t rac ted  samples t o  demonstrate the  l a c k  o f  background 

i n  the HPLC-ELISA system. 

DISCUSSION 

Since Ta, has on ly  recen t l y  entered Phase 3 t r i a l s ,  there  i s  l i t t l e  

publ ished data regarding the  c i r c u l a t i n g  l e v e l s  fo l l ow ing  admin i s t ra t i on  t o  man. 

These s tud ies  are  unique since f o r  t he  f i r s t  t ime the  l e v e l s  o f  t he  au thent ic  28 

aa pept ide have been measured. This i s  i n  cont ras t  t o  the  on ly  previous study 

where an R I A  was used t o  measure TLM i n  the  serum (16). The HPLC-ELISA system 

thus conf i rms t h a t  f o l l ow ing  sc i n jec t i on ,  t he  au thent ic  28 amino-acid TQ, i s  
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FIGURE 2 

Serum was drawn a t  the times indicated a f t e r  a 1.6 ng subcutaneous i n j e c t i o n  o f  

Tar, t o  an ind iv idua l  w i th  autoimmune hepa t i t i s .  The leve ls  o f  immunoreactive la ,  

were assessed by ELISA. The e r ro r  bars represent the standard e r ro r  o f  the mean 

o f  8- 10 values. 

present i n  serum as defined by the re ten t ion  time o f  the immunoreactive mater ia l .  

Recoveries f o r  the procedure are a t  l eas t  90%, resu l t i ng  i n  a high degree o f  

confidence i n  the observation. The maximum achievable l eve l s  approached 200 

ng/ml compared t o  basal l eve l s  of 6 ng/ml. These resu l t s  are s im i la r  t o  those 

reported using the R I A  t o  detect TLM i n  serum from lung cancer pat ients 

undergoing Ta, treatment. I n  these studies, peak l eve l s  10-50 times greater than 

basel ine were reported. As here, the peak l eve l s  o f  Ta, (presumably now 

val idated as authentic by t h i s  report)  were 3-6 h rs  post sc i n jec t i on .  The 

k ine t i cs  are s im i la r  t o  those reported f o r  other proteins, such as interferon-a,  
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FIGURE 3 

Serum a t  var ious times post i n j e c t i o n  o f  Ta, (1.6 mg,sc as i n  f i g u r e  2) was 

subjected t o  the  Sep-Pak-HPLC-ELISA procedure. Data f romtwo representa t ive  t ime 

po in ts  where pharmacological l e v e l s  were detected ( a t  1 and 3 h rs  post i n j e c t i o n )  

are shown. I n  a l l  samples on ly  a s ing le  immunoreactive peak a t  t he  r e t e n t i o n  

time of au thent ic  Ta, was detected. The r e s u l t s  are expressed as pg/ml o f  

resuspended sample t o  demonstrate the  r e l a t i o n s h i p  between sample and non- 

spec i f i c  background. 

where clearance i s  genera l l y  v i a  f i l t r a t i o n  through t h e  rena l  g lomeru l i  followed 

by proximal t ubu la r  reabsorpt ion w i t h  subsequent p r o t e o l y t i c  degradat ion by 

lysosomal enzymes (17). The l i v e r  t y p i c a l l y  has l i t t l e  r o l e  [unless the  p ro te ins  

a re  h i g h l y  glycosylated. The presence o f  on l y  t h e  au thent ic  pept ide  a t  a l l  t ime 

po in ts  i s  cons is ten t  w i t h  t h i s  rou te  o f  clearance. 

Thus t h i s  study repo r t s  a methodology f o r  assessing the  l e v e l s  o f  au thent ic  

Ta, i n  serum fo l l ow ing  admin is t ra t ion  t o  humans. Although l e v e l s  approaching 0.2 
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FIGURE 3 (Continued) 

ug/ml were achieved, these levels are not adequate for measurement by the uv 

where minimal detectable levels o f  thymosin a1 were 1 ug/ml. The sensitivity of 

the HPLC-ELISA method also allows for the determination of the kinetics in normal 

individuals since sub bioactive doses (10-100 fold lower) could be used and 

detected. An additional utility o f  this methodology is that it detects authentic 

TQ, in serum from normal individuals. Consistent with our previous study where 

a sizing HPLC column was used, only a single peak with retention time identical 

to that of Ta, was detected (13). This methodology is predicted to be especially 

important in subsequent studies where Tal levels in individuals following long 

term Ta, administration are evaluated. Based on the previous study in lung 

cancer patients, it is predicted that long term treatment will result in an 

increase in baseline Ta, levels, This HPLC-ELISA method will allow the 

determination of whether these levels are due to authentic Tor, or a TLM 
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