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Abtract: Citrate is an important metabolite involved in the Krebs cycle and is commonly used
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applications. Many analytical methods have been developed to quantify citrate in biological
samples, including enzymatic photometric methods, non-enzymatic photometric methods,
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technical choices depending on the research objectives and sample characteristics. The method
used in the study is the method of statistical collection and synthesis analysis.
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TONG QUAN CAC PHUONG PHAP XAC PINH HAM LUQNG
CITRATE VA PINH HUONG UNG DUNG POI VOI
CAC SINH PHAM Y TE

Pam Thi Liéu”, Ngo Phi Phwong, Puwong Thi Cam Lé
Vién Kiém dinh Quoc gia Vic xin va Sinh pham y té
Nhdn ngay 28 thang 04 nam 2025
Chdp nhédn dang ngay 26 thang 06 ndm 2025

Tém tat: Citrate 1a mot hop chéat chuyén hoa quan trong tham gia chu trinh Krebs va thuong
duge sir dung nhu mot chi thi sinh hoc hodc chat chng dong trong nghién ctru tmg dung y
sinh hoc, hoa sinh va duoc phdm. Nhiéu phuong phap phén tich da dugc phat trién nham dinh
lugng citrate trong cac mau sinh hoc, bao gébm phuong phip do quang enzyme, do quang
khong enzyme, sic ky, va phuong phap hoéa hoc cb dién. Bai bao nay téng hop va phén tich
vu nhuoc diém cua cac phuong phap phd bién nhat, qua d6 dé xuat hudng lya chon ky thuat
phu hop tuy thudc vao muyc ti€u nghién ctru va déc tinh mau. Bai bao duoc thuc hién dua trén
phuong phap tong hop va phan tich céc tai liéu khoa hoc d cong bé.
Tir khod: citrate; phwong phdp enzyme; phwong phdp quang phé, sdc ky ion; sinh pham.
1. Pat van dé

Citrate 1a chat chéng dong duoc sir dung trong qua trinh thu gom méu. Trong qua trinh
truyén mau & cac san pham tir mau 6 at, kha ning thanh thai citrate ciia gan co thé bi vuot
qua. Citrate tao thanh phirc hop véi canxi, dan dén giam canxi ion hoa, giy ra tinh trang ha
canxi méu va chimg di cam quanh miéng hodc & chi. Ha canxi mau nghiém trong c6 thé gay
co co lién tuc va néu khong duoc diéu chinh, co thé tién trién thanh co giat vdi co that & nhiéu
nhém co [1]. Theo quy dinh ciia Uy ban qubc té vé huyét khdi va cam maéu, Tiéu ban vé tiéu
clu (the International Committee of Thrombosis and Hemostasis, Subcommittee on Platelets),
cong thic phdi tron citrate & mic 109 mmol/l (twong dwong 3,2%) va tuong tng ty 1& 9 thé
tich mau toan phan 1 thé tich citrate [1-2].

Hang niam c6 rat nhiéu cic san pham c6 ngudn gdc mau nguodi duoc nhap vao thi trudng
Viét Nam. C6 tong 18 san pham dang duoc kiém dinh tai Vién Kiém dinh Qudc gia Vic xin
va Sinh pham y té c6 kiém soat ham luong citrate.

Nhiéu phuong phap phan tich citrate da duoc phat trién trong sudt hon nira thé ky, mdi

phuong phap c6 dac diém riéng vé do nhay, tinh ddc hi¢u, thiét bi yéu cau va kha nang Ung
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dung. Bai viét nay nham tong quan c&c nhom k¥ thuat chinh thuong duge ap dung trong phan
tich citrate va goi y dinh hudng Gng dung dbi voi kiém dinh chit lwong cac sinh phim co
ngudn gdc mau toan phan.

2. Phuwong phap nghién ctru

2.1. Péi twong, thoi gian nghién citu

Dbi tugng nghién ctru 13 cac bai bao cia cic tic gia duge cong bd trén cac tap chi tin
cdy, uy tin trén toan thé gidi va hd so kiém dinh chat lugng cac sinh phém c6 mat trén thi
truong Viét Nam duoc kiém dinh ham lugng citrate. Déi véi viée lua chon tai lidu, wu tién tai
liéu cong bd sau va cap nhat hon, dbi véi cac tai liéu co cung thoi gian cong bd uu tién lya
chon céc tai lidu cta cac nha san xuét sinh pham trén toan thé gidi do pham vi 4p dung gan sat
v61 muc ti€u cua bai bao.

Phuong phap tim kiém tai liéu: trang web st dung tim kiém dit liéu Pubmed va Google
Scholar va mot so ho so tir cic nha san xuat nhu: ho so kiém dinh chat lugng sinh pham
Feiba, Human Albumin Baxter ctia nha san xuat Takeda Manufacturing Austria, Albutein cta
nha san xuat Grifols Biological LLC, Human Albumin Grifols cua nha san xuét Institute
Grilfols S.A Spain, Haemoctin SDH cua nha san xuét Biotest Pharma GMBH — Dc...

Nghién ctru duoc tién hanh trong thoi gian tir thang 02/2025 dén thang 04/2025.
2.2. Phwong phap nghién ciru

Nghién ctru sir dung phwong phap thu thap, tong hop phan tich tai liéu, bai bao da duoc
cong bd trén cac tap chi khoa hoc va céc hd so kiém dinh chat lugng ctia nha san xuét. Cu thé
cac bude tién hanh: doc hiéu céc tai liéu, tom tat cac ¥ chinh cta tai liéu, nim bt cac tiéu chi
quan trong cua phuong phap (nguyén ly, thiét bi, hoa chat, cach thtic tién hanh, do nhay, do
dic hiéu, do thu hoi, pham vi 4p dung, uu nhugc diém...), so sanh cac phuong phap, ddi chiéu
tiéu chuin cia cac sinh pham sau d6 cin ctr vao dic diém cua phuong phap dé lya chon
phuong phap tdi wu cho cac san pham.

3. Két qua
3.1. Phwong phap do quang enzyme

Mau thir duge khir nhiu protein bang acid perchloric 0.6 M, tiép theo sir dung citrate
lyase dé thuy phan citrate thanh oxaloacetate va acetate, sau d6 st dung malate
dehydrogenase va lactate dehydrogenase dé chuyén hoa oxaloacetate, dong thoi do muc tiéu
thu NADH tai budc song 340 nm (Moellering & Gruber, 1966; Holden et al., 1996) [2].

Mot diém quan trong ciia nghién ctru 14 phat hién ra ring enzyme citrate lyase c6 hoat

tinh 6n dinh hon khi c6 mat ion Zn** so véi ion Mg?*. Trong di€u kién t6i wu voi ti 1€ mol
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Zn?*: citrate tir 1:1 dén 4:1, enzyme chi mét 30-50% hoat tinh sau 10 phut. Nguoc lai, trong
cac diéu kién co Mg?*, enzyme bi mat hon 95% hoat tinh rit nhanh chong, bét ké ti 16 mol.
Diéu nay duogc giai thich 1a do phirc Zn?*—oxaloacetate it (rc ché enzyme hon so véi phirc
Mg?*—oxaloacetate. Su khac biét ndy con duoc cung cb boi su dich chuyén quang phd khac
nhau cua oxaloacetate khi twong tac vai hai loai ion.

« Uu diém: d6 nhay va tinh dac hi€u cao, thich hop véi mau huyét thanh, huyét tuong, va
cac mau c6 ndng do citrate nam trong thap téi 0,02 pmol (~0,004 mg) trong 3 ml thé tich cudi
cling (twong duong 0,0067 mmol/l hay 0,00197 mg/ml) véi sai s £5%. Phuong phéap nay phu
hop cho sinh phém y té, mau huyét thanh nguoi, gan tho, ruou vang, nude ép chanh, xuc xich,
ung dung rong rai trong thuc phém, y hoc, sinh hoc.

* Han ché: enzyme d& mat hoat tinh va c6 han st dung ngén, can xtr 1y loai protein trude khi
thuc hién.

3.2. Phwong phap do quang khong enzyme

Mau thir dwoc khtr nhidu protein bang cach tia miu vé6i Trichloroacetic acid (TCA), sau d6
citrate phan ing vai acetic anhydride trong méi truong c6 pyridine ¢ 30 °C cho mau vang, c6
d6 hap thu quang cuc dai & budc song 425 nm. Nong d6 Citrate trong mau thir ty 1¢ thuan véi
dam do mau, st dung dudng chuan biét trudc ndng do dé tinh ham luong citrate trong mau
thr (phan Gmg Furth-Herrmann (Saffran & Denstedt, 1948)). Day 1a phuong phap don gian,
d@ trién khai [3].

« Uu diém: thao tac don gian, khéng yéu cau thiét bi cao cap, thich hop voi mau c6 ndng do
citrate nim trong khoang tir 0,015-0,294 mg/ml (0,05-1,0 mmol/l) nhu dich sinh hoc, huyét
thanh, sinh pham y té.

 Han ché: @6 nhay trung binh, c6 thé bi anh huoéng bdi cac chét nhiéu trong mau nudc tiéu,
chi xur 1y loai protein bang TCA va d6 thu hoi thip 75-80%, c6 thé khic phuc bang pha lodng
huyét thanh bang dung dich Ringer trudc khi khir protein, gitp cai thién do thu hoi 1én t6i
100%.

3.3. Phdn wng Fujiwara-coupled (PBA + pyridine + TEAH + benzidine)

Phuong phap dua trén viéc chuyén hoa citrate thanh pentabromoacetone (PBA), sau do trai
qua cac budc tiép theo:

* Tao phuc mau voi PBA: PBA tao ra tur citrate phan ung voi natri sulfide, thiourea (mau
vang, A =400 - 450 nm, £ ~ 1900 - 2300) hoic pyridine va kiém (mau do, A = 530 nm).

« Phan tng Fujiwara: PBA hoa tan trong heptan, sau dé tiép xuc voi pyridine va KOH dam

dic tao ra san phdm mau do6 (e = 15,900 - Ettinger et al.) [4].
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« Bién thé cai tién:

0 Friedman va Cooper, Mantel et al. dung budc gia nhiét kéo dai dé ting d6 nhay (A = 366
nm, & = 28,000).

0 Liebman va Hindman st dung li€n hop voi benzidine (A = 530 nm, € = 35,000).

+ Uu diém: d6 nhay cuc cao (g ~ 70,000), pht hop xac dinh citrate & dang vét (0,02 - 4 ug)
trong 3,0 ml thé tich cudi cing (trong dwong 0,0067— 1,33 ug/ml hay 0,0067 mg *10- mg/ml
- 1,33*10° mg/ml) déi v6i mau nhu nudce tiéu, huyét trong, mo gan, than.

« Han ché: phan tmg dién ra trong hé ba pha (heptan - pyridine - KOH), phtic tap va kho tai
1ap, yéu cau diéu kién khong nudc (anhydrous), khong st dung TCA dé loai bo protein (Vi
phan tmg Fujiwara duong tinh manh gay nhiéu).

3.4. Sic ky ion sit dung detector DAD

Citrate dugc xac dinh bang cach st dung cot trao doi ion dugc dong goi bang chat mang
heavy sulphonated polyvinyl, véi pha dong 1a sulfuric acid 0,005M, detector DAD, budc song
phéat hién UV 215 nm. St dung duong chuén da biét trudce né)ng do dé xac dinh néng do
citrate trong mau. Pay la phuong phap hién dai, chinh xac.

« Uu diém: pht hop mau thudc, d6 chinh xac cao, thoi gian phan tich ngan, pht hop cdc mau
c6 nong do citrate trong khoang 0,29 - 11,76 mg/ml (1 - 40 mmol/l).

 Han ché: can thiét bi dat tién Hé théng HPLC, dau do DAD, cot Aminex HPX-87H/Rezex
ROA-Organic Acid H+ (8%) [5,6].

3.5. Sic ky ion siv dung detector CD

Trong mdi trudng kiém manh citrate tich dién am, khi di qua cot trao d6i ion cac anion cé &i
luc cao dugc gitt lai sau d6 dugc rua gidi va dugce phat hién béng dau do dién dan (CD). St
dung dudng chuan da biét trude ndng d6 dé xac dinh ndng do.

« Uu diém: Do nhay rat cao, phu hop vdi cac mau c6 ndng do citrate rat nho 0,2-100 pg/ml
(0,68 -340 pmol/l).

+ Han ché: can thiét bi dit tién hé théng sdc ky ion, dau do CD, cot IonPac AS5 [4,7].

3.6. Phwong phdp logi bé protein trong méu thir

Trong phan tich miu sinh hoc c6 chtra protein, budc khir protein 14 bat budc. Jones & Belling
(1970) danh gia cic chat két tua protein (TCA, HCIO4, PTA, v.v.) va khuyén nghi str dung
TCA hodc HClO4 dé thu hdi citrate tot nhat. Diac biét, ho st dung citrate danh dau phong xa
(14C) dé kiém tra hiéu suit. Nhiéu chat két tia protein c6 thé 1am mét citrate do hap phu 1én
can protein. TCA va HCIOs 13 hai chit két tua protein hiéu qua va phu hop nhit dé loai bo

protein khoi mau sinh hoc trude khi dinh lugng citrate. Viéc lua chon chat két tia nén can
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nhic thém theo phuong phap dinh lwong duoc sir dung sau d6. TCA khéng thich hop voi

phuong phéap dung pyridine hodc pentabromoacetone do gy nhiéu. HCIO4 khong nén dung

v6i mudi kali (KBr, KBrOs) vi tao két tia potassium perchlorate — nén thay bang mudi natri

[8].

3.7. So sanh cdac phwong phdp

Phwong phap Do nhay Thiét bi Thich hop miu
Cao ' Huyét thanh, huyét
Do quang enzyme [2, 9-12] Don gian _ , ,
(0,00197 mg/ml) tuong, sinh pham y té
) kho [3] Trung binh Pon gi Huyét thanh
0 quan ong enzyme on gian uyét than
s (0,015 mg/ml) s Y
- o Rét cao . Nghién ctru sau, dinh
Fujiwara + benzidine [5] Trung binh _ )
(0,0067 pug/ml) luong citrate vét.
Sic ky ion, detector DAD [6, Trung binh . ) )
bat tién Thuoc, huyét thanh
14] (0,29 mg/ml)
. Rit cao L . .
Sac ky ion, detector CD [7] bat tién Thudc, huyét thanh
(0,2 pg/ml)

3.8. Goiy itng dung déi véi cdc sinh pham tai Vigt Nam vdi tiéu chi don gidn, dé thwe hién

Ho4 chit tha

) , Tiéu chuin Phwong phap !
Stt Tén sinh pham Nha sian xuat . , protein
ham luwgng khuyen nghi Khuyén nghj
1 o Biotest Pharma | <0,024 mg/ml | Do quang enzyme co
Albiomin 20% [10] HCIO. /TCA
GmbH, buc mat ion Zn?*
5 Grifol o Po quang enzyme co
rifols <0,029 mg/m
Albutein 5% [3] - : mition znz | HCIO04/TCA
Biological LLC
3 Grifol ol Po quang enzyme co
rifols < 0,029 mg/m
Albutein 20% [3] e ] mitionzm+ | HCIO+/TCA
Biological LLC
4 _ Grifols <0,029 mgm | DO duangenzymeco |
Albutein 25% [3] _ ) mit ion Zn2*
Biological LLC :
5 Po quang enzyme cé
Feiba 25 U/ml [11] Takeda 3,25-4,75 HCIO. /TCA

mat ion Zn?*
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Manufacturing mg/ml
Austria
6 Takeda 3,25-4,75 | Po quang enzyme co HCIOL /TCA
Feiba 50 U/ml [11] Manufacturing mg/ml mit ion Zn2* *
Austria
. Takeda 6,50 - 9,50 Po quang enzyme co
Feiba 100 U/ml [11] Manufacturing mg/ml mit ion Zn?* HCIO. /TCA
Austria
Takeda o
8 | Human Albumin _ <0,044 Do quang enzyme co HCIlO4 /TCA
Manufacturing mat ion Zn2*
Baxter 50 g/l [12] ) mg/ml :
Austria AG
9 | Human Albumin Takeda =0,044 Po quang enzyme c6 HCIO. [TCA
Manufacturing mg/ml mit ion Zn* *
Baxter 200 g/l [12] . i
Austria AG
10 | Human Albumin Takeda =0,044 Po quang enzyme c6 HOIOL TCA
Manufacturing mg/ml mit ion Zn* )
Baxter 250 g/l [12] . i
Austria AG
<0,029 4
11 | Human Albumin Institute Grilfols /i bo qu?ng enzy:e €0 HC1O4 /TCA
Grifols 20% [7] S.A Spain mation Zn
12 | Octanate 250 1U Octapharma AB 2,35-441 | po quang enzyme c0
L mi o HCIO. /TCA
uy pien mat 1on Zn
[6,14] Thuy ® " o
13 | Octanate 500 IU Octapharma AB | 295~ 441 | Po quang enzyme 6 HCIO. /TCA
N 4
[6,14] Thuy Dién mg/ml mat ion Zn**
2,35-4,41 A
14 | Octanate 1000 1U Octapharma Do quang enzyme c6 HCIOL TCA
4 /ml 5t i + )
[6 14] Thuy Pién mg mat ion /n?
2,65 -5,00 q
15 | Haemoctin SDH 250 | Biotest Pharma Do quang enzyme co HCIO. /TCA
/ml St 2+ !
mg mat ion Zn

[13]

GMBH- buc
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2,65 -5,00 .
16 | Haemoctin SHD 500 | Biotest Pharma . Do quang enzyme c0 HCIO. [TCA
mg/m " .
[13] GMBH - Biic J mat ion Zn?
17 Takeda 32-48 | po quang enzyme co
Immunine 600 [9] Manufacturing mg/ml it ion Zn?* HCIO4 /TCA
Austria AG
H c lati Octapharma
uman Coagulation .
| Eix oct hg Pharmazeutika | 11,76 mgimi | 20 11408 EVMECE | 4y oy
ctapharma L N
P Produktionsges. mat ion Zn®
(250 1U) [6,14] ,
m.b.h - Ao

4. Kétluan

Viéc lua chon phuong phap xac dinh citrate nén dya trén loai mau, d6 nhay mong mudn

va thiét bi san c6. Cac phuong phdp enzyme van 1a Iya chon ti€u chuan cho mau sinh hoc,

trong khi sac ky ion thich hop hon véi mau phirc tap nhu thude. Phuong phap hoéa hoc nhu

phan tmg Furth-Herrmann hay Fujiwara tuy it dugc dung hon nhung van hitu ich trong

diéu kién khong c6 thiét bi chuyén dung. Nghién ctru twong lai nén tap trung vao cai tién

d6 6n dinh cua enzyme va tu dong hoa cac quy trinh phan tich.

Tai liéu tham khao

[1]

[2]

[3]

[4]

[5]

[6]

Nancy Heddle, Kathryn E. Webert, in Blood Banking and Transfusion Medicine
(Second Edition), 2007.

Moellering, H., & Gruber, W. (1966). Determination of citrate with citrate lyase.
Analytical Biochemistry, 17, 369-376.

Quy trinh xac dinh ham lugng citrate trong Albutein ciia nha san xuat Grifols Biological
LLC sb C-6270-056 version 8.0, ngay c6 hiéu luc 12/12/2017.

Jones, G. B. (1967). Estimation of microgram quantities of citrate in biological fluids.
Analytical Biochemistry, 21, 286-292.

Sylwester Krukowski*, Mateusz Karasiewicz, Waclaw Kolodziejski: “Convenient UV-
spectrophotometric determination of citrates in aqueous solutions with applications in
the pharmaceutical analysis of oral electrolyte formulations”.

Quy trinh xac dinh ham lugng citrate trong sinh phim Octanate cia nha san xuét

Octapharma AB —Thuy Dién, s6 130SOP032/05, ngay c6 hiéu luc 30/10/2014.


https://www.sciencedirect.com/book/9780443069819/blood-banking-and-transfusion-medicine
https://www.sciencedirect.com/book/9780443069819/blood-banking-and-transfusion-medicine

Pam Thi Liéu va cdc cong su/Tap chi Khoa hoc Kiém dinh Vic xin va Sinh phdam y té, Vol.5, No.2 (2025)

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Quy trinh xac dinh ham lugng citrate trong Human Albumin Grifols 20% cua nha san
xuét Instituto Grifols S.A Spain s6 IG-MA-000750-ING, version 3.0, ngay co6 hiéu luc
27/05/2016.

G.B. Jones and G.B. Belling: “Comparison of protein precipitants use prior to
determintation of citrate in biologicals materials” ANALYTICAL BIOCHEMISTRY
37, 105-111(1970).

Quy trinh xac dinh ham luong citrate trong Immunine 600 ctia nha san xuit Baxter AG
s6 VN 1104038TB-CTP00.04 — Sodium citrate.

Quy trinh xdc dinh ham luong citrate trong Albiomin 20% cta nha san xuit Biotest
Pharma GmbH — Germany sé6 SOP-Q-00220-enV 3.0, ngay c6 hiéu luc 18/11/2017.
Quy trinh x4c dinh ham lugng citrate trong sinh pham Feiba cta nha san xuat Takeda
Manufacturing Austria s6 VN1104038 TB-CTP 00-07 Ngay hiéu luc 09.06.2020.

Quy trinh x4c dinh ham lugng citrate trong sinh pham Human Albumin Baxter ctia nha
san xudt Takeda Manufacturing Austria AG, s VN-11-04059T-CTP00.04, ngay c6
hiéu luc.

Quy trinh x4c dinh ham lugng citrate trong sinh phdm Heamoctin SHD ctia nha san xuét

Biotest Pharma GMBH — buc, ngay c6 hiéu luc 27/06/2019.

[14] Quy trinh x4c dinh ham lugng citrate trong sinh pham Human Coagulation FIX

Octapharma (250 IU) cia nha san xudt Octapharma Pharmazeutika
Produktionsges.m.b.h — Ao s6 130SOP032/06, ngay c6 hiéu luc 09/12/2016.



