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Abstract: 

Introduction: Human thrombin (HT) has been widely used in hemostatic products and used as an active ingre-

dient to produce fibrin sealant or fibrin glue.  Fibrin sealant was produced by National Blood Centre, Thai Red 

Cross Society (NBC, TRCS) since 1997 using imported HT.  It was clinically applied in many surgeries such as 

dental and heart procedures.  However, since 2010, the manufacturer has denied to supply the product.  As 

a result, fibrin sealant production was terminated. The development of HT from local plasma was initiated in 

phase I during 2016-2020 in order to utilize proteins in plasma to maximize their benefits in patient treatment. 

Objective: This study aims to develop a process for producing HT from plasma at the NBC, TRCS instead of 

importing from abroad which is expensive.  Materials and Methods: The production of thrombin started with 

prothrombin complex (PTC) separation, where pooled cryo-removed plasma (CRP) was processed with DEAE 

Sephadex resin and eluted to obtain crude PTC before converting PTC to thrombin by glycine, calcium chloride, 

and pH control. Solvent detergent (SD) treatment was performed to ensure viral safety before thrombin purifi-

cation using SP Sephadex column chromatography and nanofiltration.  The prothrombin and purified thrombin 

were analyzed for activity and purity using coagulation assays, spectrophotometry, gas chromatography, and 

SDS-PAGE.  Results: HT production from three 20 L of CRP batches yielded titers of 12,665, 11,143 and 12,727 

IU/mL, with specific activities of 1,550, 1,450, and 1,509 IU/mg, respectively.  SD residues were within acceptable 

limits in 2 batches, and SDS-PAGE showed no other protein bands post-purification.  Scaling up to 40 L of CRP 

for two lots produced results consistent with the 20 L batches in terms of thrombin titer, specific activity, and 

SD residues.  Conclusion: NBC, TRCS developed scalable HT from plasma production meeting the criteria for 

medical and research applications.  
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นิพนธต์น้ฉบบั

การพฒันาการผลติทรอมบนิของมนุษยข์องศูนยบ์รกิารโลหติแหง่ชาต ิสภากาชาดไทย
ทองหยบิ  นาคแดง1   อนวชั  เชญิขวญัศรี1   สุภาภรณ ์ พระพทุธ1   ธรรมธ์วชั  ธรีานนัท์2 และ วด ี รุ่งประดบัวงศ์1
1ศูนยบ์รกิารโลหติแห่งชาต ิสภากาชาดไทย  2ภาควชิาเทคโนโลยชีวีภาพ คณะวทิยาศาสตร ์มหาวทิยาลยัมหดิล

บทคดัย่อ

บทน�ำ ทรอมบนิของมนุษย ์ถกูน�ำมาใชอ้ย่างแพร่หลายในผลติภณัฑห์า้มเลอืด และถอืเป็นส่วนประกอบในตวัยาออกฤทธิท์ีส่ �ำคญัของกาว

ไฟบริน ซึง่ถกูน�ำมาใชใ้นทางคลนิิกส�ำหรบัการผ่าตดั เช่น ศลัยกรรมช่องปากและหวัใจ โดยศูนยบ์ริการโลหติแห่งชาต ิสภากาชาดไทย 

ไดเ้ริม่ผลติกาวไฟบรินตัง้แต่ปี พ.ศ. 2540 โดยใชท้รอมบนิทีน่�ำเขา้จากต่างประเทศซึง่ภายหลงัผูผ้ลติจากต่างประเทศไดเ้ลกิจ�ำหน่าย 

จงึท�ำใหต้อ้งหยดุผลติกาวไฟบรินในปี พ.ศ. 2553 ศูนยบ์ริการโลหติแห่งชาตจิงึมแีนวคิดในการพฒันาการผลติทรอมบนิจากมนุษยข์ึ้น

ใชเ้องในประเทศ โดยเริม่จากการสกดัทรอมบนิจากพลาสมาในระยะที ่1 ช่วงปี พ.ศ. 2559-2563 เพือ่ใหเ้กดิประโยชนสู์งสดุในการน�ำ

โปรตนีทีม่อียู่ในพลาสมามาใชใ้นการรกัษาผูป่้วย  วตัถุประสงค ์การศึกษาน้ีมวีตัถปุระสงคเ์พือ่พฒันากระบวนการผลติทรอมบนิจาก

พลาสมา ณ ศูนยบ์ริการโลหติแห่งชาต ิสภากาชาดไทย แทนการส ัง่ซื้อจากต่างประเทศซึง่มรีาคาแพง  วสัดุและวธิกีาร การผลติทรอม

บนิเริม่ตน้ดว้ยการแยกโปรทรอมบนิคอมเพลก็ซ ์(PTC) โดยพลาสมาทีผ่่านการแยก cryoprecipitate ออก ถกูน�ำไปผ่านเรซนิ DEAE 

Sephadex และท�ำการลา้งเพือ่ใหไ้ด ้PTC ข ัน้ตน้ ก่อนเปลีย่น PTC เป็นทรอมบนิโดยใชไ้กลซนี แคลเซยีมคลอไรด ์และควบคมุค่า 

pH การน�ำไปผ่านสารละลายและสารชะลา้ง (SD) ถกูด�ำเนินการเพือ่ความปลอดภยัจากไวรสั ก่อนท�ำการแยกทรอมบนิบริสทุธิด์ว้ย

คอลมันโ์ครมาโทกราฟี SP Sephadex และการกรองระดบันาโน ทรอมบนิและโปรทรอมบนิทีบ่ริสทุธิถ์กูวเิคราะหห์าค่าความแรงและ

ความบริสทุธิโ์ดยใชก้ารทดสอบการแขง็ตวัของเลอืด สเปกโตรโฟโตเมตรี โครมาโทกราฟีแบบแกส๊ และ SDS-PAGE  ผลการศึกษา 

การผลติทรอมบนิจากพลาสมาขนาด 20 ลติร 3 ชดุ ใหค่้าความแรงทรอมบนิที ่12,665, 11,143 และ 12,727 IU/mL โดยมค่ีาความ

แรงจ�ำเพาะที ่1,550, 1,450 และ 1,509 IU/mg ตามล �ำดบั  ปริมาณสาร SD ทีเ่หลอืตกคา้ง พบวา่สองรุ่นการผลติ มค่ีาอยู่ในเกณฑ ์

ทีย่อมรบัได ้และ SDS-PAGE ไมพ่บแถบโปรตนีอืน่ ๆ หลงัการท�ำใหบ้ริสทุธิ ์การเพิม่ขนาดการผลติเป็น 40 ลติรส�ำหรบั 2 รุ่นการ

ผลติ ใหผ้ลลพัธท์ีส่อดคลอ้งกบัขนาดการผลติ 20 ลติรในแง่ของค่าความแรงทรอมบนิ ค่าความแรงจ�ำเพาะ และปริมาณสาร SD ที ่

เหลอืตกคา้ง  สรุป ศูนยบ์ริการโลหติแห่งชาต ิสภากาชาดไทยไดพ้ฒันาการผลติทรอมบนิจากพลาสมาทีส่ามารถขยายขนาดการผลติ

ได ้โดยสอดคลอ้งตามเกณฑค์ณุภาพมาตรฐานทีจ่ะน�ำไปประยกุตใ์ชท้างการแพทยแ์ละการวจิยัได ้

ค�ำส �ำคญั :	l ทรอมบนิของมนุษย ์ l การผลติ  l การท�ำใหบ้ริสทุธิ ์ l พลาสมาของมนุษย ์

วารสารโลหิตวิทยาและเวชศาสตร์บริการโลหิต. 2568;35:89-96.
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Introduction

Human thrombin (HT) is one of the blood coagulation 

factors, which transforms fibrinogen to fibrin and stops 

bleeding.  Thus, HT has been used for anti-bleeding 

products, including fibrin sealant or fibrin glue.  Fibrin 

sealant has been clinically used to stop bleeding in 

various applications, including dental surgery, open heart 

surgery, and ear, nose and throat (ENT) surgery.1  This 

product was also useful for bleeding disorder patients2. 

Fibrin sealant has been mostly prepared in a small scale 

for using in an individual hospital operation3,4,5. 

The fibrin sealant was first produced and distributed 

to hospitals by National Blood Centre (NBC), Thai Red 

Cross Society (TRCS) since 1997.  NBC’s Fibrin sealant 

consists of 2 different solutions, including human fibrin-

ogen and HT with concentrations of 100 IU/mL, 250 IU/

mL, and 500 IU/mL.  Human fibrinogen was obtained 

from heat-treated freeze-dried cryoprecipitate (HTFDC), 

a product from plasma, whereas HT was internationally 

imported.  Since 2010, HT suppliers stopped production 

and could not supply HT to NBC.  Therefore, fibrin 

sealant from NBC has been discontinued.  Fibrin sealant 

was less accessible to patients because imported fibrin 

sealant was more expensive.  HT production by NBC 

will overcome this issue and promote self-sufficiency 

in Thailand.

This study aims for HT production using plasma from 

NBC, TRCS.  The production process was supported 

and collaborated by the Japan Blood Product Organiza-

tion (JB).  The process includes prothrombin complex 

separation, prothrombin activation, solvent detergent 

treatment, thrombin purification, and nanofiltration.  This 

can achieve high quality HT and provide a material for 

fibrin sealant product for Thailand.

Materials and Methods

Prothrombin complex separation

Cryo-removed plasma passing quarantine and virus 

safety test was pooled to obtain 20 L.  The pooled 

plasma was mixed with DEAE Sephadex (anion 

exchange resin), which was previously equilibrated, for 

1 hour.  The resin was then separated by a membrane 

filter using a suction pump before washing by buffer 

containing sodium chloride 8.7 g/L and sodium citrate 

2.92 g/L for 10 minutes, 3 times.  Prothrombin complex 

(PTC) was eluted from the resin by mixing with elution 

buffer containing sodium chloride 55.8 g/L and sodium 

citrate 2.81 g/L for 1 hour, 2 times.  Crude PTC was 

stored at -25°C.

Prothrombin activation

PTC was thawed at 20-24°C before filtration by a 

0.22 µm membrane filter.  PTC was dialyzed by buffer 

containing sodium chloride 3.75 g/L and sodium citrate 

2.50 g/L using a tangential flow filtration system with 

a 10 kD MW cut-off membrane at 2-5°C for 6 sample 

volumes.  Glycine (86 g/L) was added to PTC and mixed 

for 10 minutes.  After leaving overnight, calcium chloride 

(3 g/dL) was added to the mixture to activate PTC to 

thrombin before mixing for 10 minutes.  The pH level 

was controlled at 6.9-7.1.  Crude thrombin was filtered 

by a 0.22 µm membrane filter before keeping at 2-5°C 

for 72 hours.

Solvent detergent treatment

The crude thrombin was centrifuged at 3,500 rpm, 

4°C for 15 minutes.  The supernatant was collected 

before adding solvent detergent (SD) solution contain-

ing tri-n-butly phosphate (TNBP) and polysorbate 80 

(PS80)6 and mixing for 3 hours at 29-31°C.  The pH 

was controlled at 5.9 to 6.1 and the conductivity was 

controlled at 8.00±0.5 ms/cm.  The solution was filtered 

by a 0.22 µm membrane filter and stored below -25°C.

Human thrombin purification

SP Sephadex column was used to purify thrombin. 

The column was first equilibrated with a binding buf-

fer containing sodium citrate 11.76 g/L, pH 5.9 - 6.1, 

conductivity 8.30-8.90 ms/cm.  The crude thrombin was 

loaded to the column before washing with 2 washing 

buffers (washing buffer 1: sodium citrate 11.76 g/L, pH 

5.9-6.1, conductivity 8.30-8.90 ms/cm and washing buffer 

2: sodium citrate 13.23 g/L pH 6.9-7.1 conductivity 8.70-
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9.30 ms/cm) not less than 5 column volumes (CV). The 

thrombin was eluted by an elution buffer containing 

sodium citrate 22.5 g/L, pH 6.6-6.8, conductivity 13.80-

14.40 ms/cm.  Elution fractions were collected and an-

alyzed for thrombin titer.  The fractions with more than 

500 IU/mg of specific activity were pooled and dialyzed 

with a tangential flow filtration membrane (10 kD MW 

cut-off).  After filtration by a 0.22 µm membrane filter, 

the thrombin solution was filtered by a nanofilter of 15 

N.7  The thrombin solution was mixed with L-Arginine 

and D-mannitol before filtration by a 0.22 µm membrane 

filter and stored below -25°C.

Sample analysis

Thrombin titer was assayed by coagulation analyzer 

following the Japanese Pharmacopoeia 17th edition8. 

Polysorbate 80 and A280 were detected by spectro-

photometer.  Phosphoric acid tri-n-butyl was measured 

by gas chromatography.  Sodium dodecyl sulfate-poly-

acrylamide gel electrophoresis (SDS-PAGE) was used 

to detect protein components of samples.

Results

Human thrombin purification by SP Sephadex chro-

matography

The crude thrombin was purified by strong cation 

exchange chromatography, SP Sephadex.  The chromato-

gram obtained from purification was shown in Figure 1. 

The fractions of 10 mL were collected during flowthrough, 

wash, and elution steps for thrombin analysis.

According to analysis of flowthrough and wash frac-

tions, thrombin was significantly detected by activity 

test and SDS-PAGE (Figure 2).  Elution was performed 

for 44 fractions.  However, only fractions 11 to 44 found 

α-thrombin bands at 37 kD and β-thrombin at 26 kD 

on SDS-PAGE (Figure 2).  The specific activity values 

of fractions 11 to 16 were less than 500 IU/mg which 

did not pass the JB criteria.  Therefore, Fractions 21 to 

44 were pooled and processed for the next step.  

Human thrombin production from 20 L and 40 L plasma

HT production was conducted using 20 L of CRP 

for each batch.  The production was performed for 3 

consecutive batches, B001QYLT, B002QYLT and B003Q-

YLT (Table 1). PTC was separated from CRP using 

DEAE Sephadex resin with titer between 43.61 and 

44.95 IU/mL and volume from 407 to 425 mL.  After 

activation and SD treatment, thrombin was purified 

by SP Sephadex resin with a 124 mL bed volume, and 

virus removal was conducted using nanofiltration.  The 

thrombin titers of 3 batches were 12,665, 11,143 and 

12,727 IU/mL, respectively.  These correlated with the 

specific activity values and passed the criteria from 

JB.  The TNBP and PS80 residues in 2 from 3 batches 

were in line with the JB criteria after purification.  This 

indicated that SP Sephadex column was effective in 

Figure 1  Chromatogram of human thrombin purification Batch B001QYLT by SP Sephadex resin.  Line 1 rep-

resents the absorbance value at 280 nm (A280), and line 2 represents the conductivity value.  The elution peak 

between line 3 was collected for SDS-PAGE analysis
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Figure 2  SDS-PAGE of fractions from thrombin purification by SP Sepharose column.  Each lane represents 

as followed;  M: Molecular weight marker, 11-44: Elution fractions, L: Loading crude thrombin, F: Flowthrough 

fraction, W1: Wash 1 fraction, W2: Wash 2 fraction, E: Regeneration fraction

Table 1  Analysis of thrombin bulk from 20 L of CRP after purification and nanofiltration for 3 consecutive batches

Process
Thrombin bulk (Batch no.)

B001QYLT B002QYLT B003QYLT JB criteria Reference

Cryo removed plasma (mL) 20,400 20,100 20,000 - -
Eluate PTC solution (mL) 425 407 413 - -
Titer of prothrombin (IU/mL) 44.95 43.61 44.66 - -
Volume of thrombin bulk (mL) 41.0 23.0 31.0 - -
pH 5.85 5.82 5.59 5.8-6.2 JB in-house
A280 8.169 7.686 8.433 ≥ 6.5 JB in-house
Titer of thrombin bulk (IU/mL) 12,665 11,143 12,727 ≥ 6,000 JB in-house
Specific activity (IU/mg) 1,550 1,450 1,509 ≥ 500 JB in-house
TNBP residual (µg/1,000 IU) 0.1 1.25 0.7 ≥ 1 JB in-house
PS80 residual (µg/1,000 IU) 5.0 6.02 8.1 ≥ 10 JB in-house
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removing residues from the SD treatment.  In batch 

B003QYLT, the pH of thrombin is a bit less than the JB 

criteria.  However, other key specifications, including 

titer, were still within the criteria. 

The HT production was upscaled to 40 L of CRP. 

The production was performed for 2 lots C001QYLT and 

C002QYLT. After separating PTC, PTC solutions from 

2 lots were combined to obtain 1,694 mL and a titer of 

46.7 IU/mL.  The SD treatment was performed before 

separating into 2 lots for thrombin purification by 294 

mL of SP Sephadex resin.  The results showed that pH, 

A280, titer, specific activity, TNBP residue, and PS80 

residue values were in the JB acceptable range for both 

2 lots (Table 2).  This suggested that HT production 

from CRP can be scalable. 

Discussion

The production of HT was investigated starting from 

20 L of CRP for 3 batches.  The process started with 

PTC extraction from CRP using DEAE Sephadex resin. 

Three batches yielded an average prothrombin titer 

of 44.41±0.58 IU/mL.  In comparison, Fenton et al.’s 

large-scale human thrombin production, utilizing Cohn 

ethanol fractionation, PEG 6000 precipitation, and DEAE- 

cellulose chromatography for PTC capture, reported a 

higher prothrombin level of 2,320 IU/mL9.  However, 

their process involved a more complex cold-ethanol 

fractionation requiring precise temperature and ethanol 

concentration control across multiple steps to obtain 

Cohn fraction III, followed by a PEG 6000 precipitation 

for impurity removal before column chromatography. 

Similarly, Aizawa, et al. reported a prothrombin com-

plex titer of 76 IU/mL using a three-step chromato-

graphic purification process involving sequential DEAE 

Sepharose FF and Heparin Sepharose FF columns10.  

While both Fenton, et al. and Aizawa, et al. achieved 

higher prothrombin titers, our method offered a distinct 

advantage: it employed a single-step direct adsorption 

of prothrombin from cryo-removed plasma using DEAE 

Sephadex.  This streamlined approach simplified the 

operation and facilitated large-scale processing.  After 

prothrombin activation, HT was purified by SP Sepha-

dex resin.  All the specifications of thrombin bulk were 

in the JB criteria except for TNBP residue in batch 

B002QYLT was higher than the criteria (1.25 µg/1,000 

IU).  Although the pH of one batch was lower than the 

criteria, the pH value was still in the acceptable range 

(pH 5.0-8.0) of the European Pharmacopeia Standard11. 

The JB criteria was an in-process control providing a 

narrow acceptable range.  For TNBP residue over than 

the limit in batch B002QYLT, after increasing washing 

buffer volume from 5 CV to 6 CV as recommended by  

Table 2  Analysis of thrombin bulk from 40 L of CRP after purification and nanofiltration for 2 consecutive batches

Process
Thrombin bulk (Batch no.)

C001QYLT C002QYLT JB criteria Reference

Cryo removed plasma (L) 40                           40 - -

Eluate PTC solution (mL) 1,694 - -

Titer of prothrombin (IU/mL) 46.7 - --

Volume of thrombin bulk (mL) 73 69 - -

pH 5.9 5.8 5.8-6.2 JB in-house

A280 8.3 7.4 ≥ 6.5 JB in-house

Titer of thrombin bulk (IU/mL) 11,321 10,339 ≥ 6,000 JB in-house

Specific activity (IU/mg) 1,364 1,391 ≥ 500 JB in-house

TNBP residual (µg/1,000 IU) 0.0 0.2 ≤ 1 JB in-house

PS80 residual (µg/1,000 IU) 5.4 9.3 ≤ 10 JB in-house
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JB technical staff and following column manufacturer’s 

guideline (at least 5-10 CV was recommended)12, the 

TNBP residue was in the acceptable range in both of 

the 40L-upscale batches.  The average thrombin titer 

of the 3 batches purified using SP Sephadex resin was 

12,178.33±742.34 IU/mL.  A direct comparison of thrombin 

yield with previous reports using a Heparin Sepharose 

CL-6B matrix is difficult due to variations in techniques 

and reported units13,14.  However, in terms of purity, 

SDS-PAGE analysis of the elution fractions showed a 

predominant thrombin band at approximately 37 kDa, 

with only minor additional bands.  This contrasts with the 

loading sample, flowthrough fraction, and wash fraction, 

which exhibited several other bands.  This observation 

aligns with the SDS-PAGE band of thrombin purified 

using a Heparin Sepharose CL-6B matrix, as reported 

by Ngai and Chang14.  This indicated high purity of 

thrombin bulk as correlated with high specific activity 

values.  Higher purity could be achieved by optimizing 

the elution step or collecting fractions only containing 

α-thrombin, even though the titer of thrombin might 

be reduced.

HT production with an initial 40 L of CRP was 

performed in 2 lots with a similar process.  However, 

after PTC separation, PTC solutions from 2 lots were 

pooled for prothrombin activation and SD treatment 

to reduce time-consuming and obtain similar quality 

of crude thrombin bulk before purification.  The crude 

thrombin bulk was purified in 2 lots to explore the 

consistency of the purification process.  Both thrombin 

bulks achieved similar levels of quality in terms of pH, 

protein level, titer, specific activity, and SD impurities. 

The result was also tightly correlated with the thrombin 

production from 20 L of CRP.  Thus, this HT production 

process showed robustness and potential for large-scale 

production.  Although the yield might not be as high 

as other studies, this could be improved and should be 

enough for the final formulation as a component for fibrin 

sealant.  In addition to a high-quality thrombin bulk, the 

production process was simple and cost-effective, which 

will support an affordable thrombin product in Thailand.

Conclusion

Blood Product Production Department, National 

Blood Centre, Thai Red Cross Society has successfully 

developed HT production from plasma with support from 

the JB.  The process included PTC separation by DEAE 

Sephadex resin, prothrombin activation, SD treatment, 

thrombin purification by SP Sephadex resin, and virus 

removal by nanofiltration.  After production in 3 lots of 

20 L starting CRP and 2 lots of 40 L starting CRP, the 

obtained bulk HT achieved all JB criteria indicating 

process validity.  This HT can be further processed for 

final formulation to meet final specifications for pharma-

ceutical products.  The scalable production will provide 

sufficient HT for a fibrin sealant product, which will 

benefit many patients in the future.  This also allows the 

HT to be used in other applications, such as research 

studies and laboratory tests.
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