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TOM TAT

Dt vin dé: Hudng dan ICH M7(R1) vé gii han tap chdt c¢é kha nang gdy déc tinh hodc
dét bién gen bt budc kiém tra nghiém ngdt so véi Duoc dién Vi dnh hwéng hiéu qua diéu tri lam
sang va tinh an toan ciia thuoc véi bénh nhan. Do d6 kiém tra chat lwong nguyén liéu ciing nhu
thanh phcfm thuée, dac biét thuée nam trong danh muc thuéc thiét yéu hién hanh lan VII ciia Viet
Nam nhw allopurinol va tap F lién quan bang ky thudt cé dé nhay cao LC-MS/MS la xu huéng va
cdp thiét. Muc tiéu nghién civu: Xay dung va tham dinh quy trinh dinh leong Ethyl-(EIZ)-3-(2-
carbethoxy-2-cyanoethenyl)amino-1H-pyrazol-4-carboxylat ciia allopurinol theo hwéng dan ICH
M7(R1) vé tap cé kha ndng gdy dét bién gen bang phirong phdp LC-MSIMS. Péi twong va phwong
phdp nghién ciru: Tap Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethyl)amino-1H- pyrazol-4-carboxylat
(tap F theo USP standard 2023) cua allopurinol, xdy dung va tham dinh quy trinh dinh heong bang
LC-MS/MS theo huéng dan ICH Q2(R2); ICH M7(R1) va EC-657/2002. Két qud: Piéu kién sdc ky:
cét sdc ky Phenomenex Gemini NX C18 (150 mm x 4,6 x 5 um) ¢ nhiét dé 25°C, pha dong gom
acetonltrll - nuoc acid formic 0,05% (85:15) theo chwong trinh isocratic, thé tich tiém mau 10 uL,
toc dé dong 0,8 mL/phiit. Chdt phén tich phdt hién bang detector MS/MS; ion phdn tir ban dau—sion
dinh luong c6 m/z: 279,10—233,00. Tham dinh quy trinh theo huong dan ICH va EC-657/2002:
quy trinh dat @ déc hiéu — chon loc; dwong chudn tuyén tinh trong khodng nong dé 3 - 100 ppb va
hé s6 twong quan la 0,997; gidi han phdt hién thap tir 1 - 3 ppb; gidi han dinh luong 3 ppb; d¢
diing dat ty 1¢ hoi phuc tir 99,30 - 101,37%, d chinh xdc dat yéu cau RSD < 2%. Két lugn: Da xdy
dung va tham dinh quy trinh dinh luong tap Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethenyl)amino-
1H-pyrazol-4-carboxylat ciia allopurinol bang phirong phdap LC-MSIMS.

Tir khoa: Ethyl-(E/Z)-3-(2-carbethoxy-2- cyanoethyl)amino-1H- pyrazol-4-carboxylat,
ICH M7(R1), tap gdy dét bién gen.
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ABSTRACT

DEVELOPMENT AND VALIDATION OF LC-MS/MS FOR
ANALYZING POTENTIAL GENOTOXIC IMPURITY ETHYL-(E/Z)-3-(2-
CARBETHOXY-2-CYANOETHENYL) AMINO-1H-PYRAZOL-4-
CARBOXYLAT IN ALLOPURINOL
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Kim Thi Thu Trinh?, Tran Viet Hung?, Truong Ngoc Tuyen?®

1. Can Tho University of Medicine and Pharmacy

2. Institute of Drug Quality Control Ho Chi Minh City

3. University of Medicine and Pharmacy at Ho Chi Minh City

Background: ICH M7(R1) Guideline on the limits of potentially toxic or mutagenic
impurities requires rigorous testing against Pharmacopoeia because of their impact on clinical
efficacy and patient safety. Therefore, check the quality of raw materials as well as finished drug
products, especially drugs on the 7th current list of essential drugs of Vietnam such as allopurinol
and related impurities F by highly sensitive technique LC-MS/MS trend and urgency. Objectives:
To develop and validate a process for quantification of impurity ethyl-(E/Z)-3-(2-carbethoxy-2-
cyanoethenyl) amino-1H-pyrazol-4-carboxylat (F impurity according to USP standard 2023) of
allopurinol according to the guidelines of ICH M7 (R1) in genotoxic impurities by high-performance
liquid chromatography twice mass spectrometry. Materials and methods: Related to impurity F of
allopurinol, develop, and validate the quantitative procedure by LC-MS/MS according to ICH
Q2(R2); ICH M7(R1) and EC-657/2002 guidelines. Results: Chromatographic conditions:
Phenomenex Gemini NX C18 (150 mm x 4.6 x 5 um) kept at 25°C, mobile phase acetonitrile - formic
acid water 0.05% (85:15) according to isocratic program, sample injection volume 10 pL, flow rate
0,8 mL/min. The analyte is detected by an MS/MS detector, mass spectrometry fractions—
guantitative fragmentation 279.10—233.00. Process validation according to ICH and EC-657/2002
guidelines: procedure achieves specificity — selectivity; the calibration curves were linear over the
range of 3 - 100 ppb and the correlation coefficient is 0,997; low detection limit from 1 to 3 ppb;
guantitative limit: 3 ppb; accuracy achieved recovery rate from 99.30 — 101.37%, precision meets
the requirements RSD < 2%. Conclusion: The process of quantification of Ethyl-(E/Z)-3-(2-
carbethoxy-2-cyanoethenyl) amino-1H-pyrazol-4-carboxylat impurities of allopurinol has been
developed and validated by LC-MS/MS method.

Keywords: Ethyl-(E/Z)- 3-(2-carbethoxy-2-cyanoethyl) amino-1H-pyrazol-4-carboxylat
impurity, ICH M7(R1), genotoxic impurity.

|. PAT VAN PE

Allopurinol 13 mdt trong s nhitng thudc dugc ding dé giam ndng d6 acid uric trong
mau, cd tac dung dac tri bénh gout man, mot s loai s6i than do acid uric va bénh nhan dang
héa tri liéu ung thu. Thudc da dugc Bo Y Té dua vao danh muc thudc thiét yéu lan VII nam
2018 [1]. Tuy nhién, trong qua trinh tong hop, san xudt va bao quan, allopurinol vin con
ton tai hodc phat sinh cac tap chat lién quan co kha ning gy doc tinh hoic dot bién gen,
anh huong khong nho dén higu qua diéu tri 1Am sang va tinh an toan cta thubc d6i voi bénh
nhan. Trong s6 cac tap chat lién quan cua allopurinol, tap F (ethyl-(E/Z)-3-(2-carbethoxy-
2-cyanoethenyl)amino-1H-pyrazol-4-carboxylat) 1a tap chit hinh thanh trong qua trinh tong
hop allopurinol ¢ kha ning gy dot bién gen va di ung cao do tac dung 1én gen HLA-
B*5801 va bat budc phai kiém trong USP-NF 2023 [2], [3]. Tap F dugc hinh hanh tir san
pham trung gian trong qua trinh tong hop allopurinol theo quy trinh ctia Jean Druey. Viéc
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loai bo hoan toan tap chat khoi dugc phdm 1 khong kha thi, can kiém soat lugng tap chit &
muirc thip nhat trong cic thanh phan hoat chit va nguyén liéu ban dau 1a rit can thiét [4],
[5]. pé phat hién va dinh lugng duoc tap F & né)ng do rat thép, LC-MS/MS la mdt phuong
phép phu hop, hién dai, c6 do nhay cao véi cac gia tri gidi han phat hi€n, gidi han dinh
lugng va di duoc cong nhan theo hudng dan ciia ICH va EC-657/2002 [6], [7].

Hién chua c6 cong trinh nghién ctru vé dinh lugng tap F allopurinol c6 kha ning gay
dot bién gen & ndng d6 thap theo quy dinh ICH M7(R1) [8]. Do d6 nghién ctru “Xay dung
va thim dinh quy trinh dinh Iuong tap Ethyl-(E/Z)-3-(2- -carbethoxy-2-cyanoethenyl)amino-
1H-pyrazol-4-carboxylat cua allopurinol c6 kha nang gay dot bién gen bang phuong phap
LC-MS/MS” 13 nhu ciu cap thiét trong cong tac dam bao chét luong thude.

IL. POI TUOQONG VA PHUONG PHAP NGHIEN CUU
2.1. Péi twong nghién ciru

Tap chat Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethyl)amino-1H-pyrazol-4-
carboxylat (tap F theo USP standard 2023) c6 trong nguyén liéu duge chat allopurinol.

Hoa chat, thudc thir: Chit chuan tap F (s6 16 R028V0) chuan USP va chuan TRC
véi do tinh khiét trén 99%; Acetonitril va methanol (Merck-bruc) dat ti€u chuan HPLC;
Nudc cét, acid formic (AF) (Merck-Dtic) dat tiéu chuan LC/MS.

Trang thiét bi: Hé thong sic ky long WATERS ACQUITY UPLC H-CLASS
SYSTEM. Pau do khdi phd ba lan tr cuc cua Waters (Xevo TQD). Cot sic ky long
Phenomenex Gemini NX, C18 (150 mm x 4,6 x 5 um). Can phan tich 5 chir s (ABT 220-
5DM). Bé siéu am (Wisd WUC-D22H).

2.2. Phwong phap nghién ciru

- Gi6i han liéu c6 kha niing gy dét bién gen:

Mirc hap thu hang ngay ddi véi tap F s& 13 1,5 pg do allopurinol duoc chi dinh diéu
tri sudt doi [9]. Liéu tdi da allopurinol 1a 800 mg/ngay [10].

Gidi han cho phép cua tap F trong thudc duoc tinh dwa vao liéu ti da allopurinol va
murc hdp thy hing ngay d6i véi tap F theo hudng dan ciia ICH M7(R1) dudi 0,0001875%.

- Chuin bi miu:

+ Dung dung dich chuan tap F c6 ndng d6 chinh xac khoang 200 ng/ml trong dung
mdi pha mau (Acetonitril - acid fomic 0,3% trong nudc ty 1€ 1:1) dé thyc hién khao sat diéu
kién sic ky, khoi pho t61 wu va xdy dung quy trinh dinh luong, pha dung dich chuan tap F
tir 3 - 100 ng/ml dé xay dung duong chuan.

+ Mau gid lap thanh pham/nguyen liéu tap F ¢o n6ng do 40 ng/ml dé thuc hién dinh
lwong va tir 20 - 60 ng/ml dé thyc hién tham dinh quy trinh.

+ Mau gia duoc duoc cung cip bai cong ty san xuat thanh pham allopurinol; thianh
phﬁn ta duge duge bd sung, diéu chinh dam bao tinh dai dién trong phan tich mau.

+ Mau nguyén liéu/thanh pham c6 ndng d6 allopurinol 1600 pg/ml pha trong dung
mdi pha mau (Acetonitril - acid fomic 0,3% trong nuée ty 1& 1:1).

- NOi dung nghién ctru:

Xay dung quy trinh: Tap chuan F ndng d¢ chinh xac khoang 200 ng/ml dugc dua
vao hé thong khoi phd Xevo TQD ctia Water, thong qua ché do Auto tune trén phan mém
Masslynx dé t6i wu hoa diéu kién khoi pho. Tién hanh khao sat dé xac dinh diéu kién sic ky
toi uu.

166


https://www.google.com.vn/search?biw=1366&bih=621&q=Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethyl)amine-pyrazole-4-carboxylate&spell=1&sa=X&ved=0ahUKEwjm14Kah7XRAhVERY8KHQFYBEgQvwUIFSgA
https://www.google.com.vn/search?biw=1366&bih=621&q=Ethyl-(E/Z)-3-(2-carbethoxy-2-cyanoethyl)amine-pyrazole-4-carboxylate&spell=1&sa=X&ved=0ahUKEwjm14Kah7XRAhVERY8KHQFYBEgQvwUIFSgA

TAP CHi Y DUQC HOC CAN THO - SO 69/2023

Tham dinh quy trinh theo ICH véi céc tiéu chi [6]:

+ Tinh tuong thich hé thong: danh gia thoi gian Iwu va dién tich dinh cia it nhat 6
1an phan tich lién tiép ¢ ciing mot ndng do tap F (40 ng/ml). Yéu cau: thoi gian luu va dién
tich dinh c6 RSD < 2%.

+ Do ddc hidu: Phan tich mau, tong hop thdi gian luu va cudng do6 ion cua cic chat
phan tich vi RSD thoi gian Iuu < 2%. Thyc hién k¥ thuat ghi phdo MRM véi s6 diém dinh
danh IP (Indentification point) ti thiéu 1a 4 diém. Tuong tng v&i 01 ion me va 02 ion con,
trong do ion me 1 diém va 02 ion con, mdi ion con 1,5 diém.

+ Tinh tuyén tinh: Ttr dung dich chuan gbc pha lodng thanh day chuan véi cac ndng
do tir 3 - 100 ng/ml. Xay dung dudng tuyén tinh. Yéu cau 0,995 < R2< 1.

+ Do chinh xé4c va d6 chinh x4c trung gian: thuc hién 3 mau tai 3 muc néng do 50%,
100% va 150% tuong trng 20, 40 va 60 ng/ml. P9 chinh xéc trung gian thyc hi¢n & cac ngay
khac nhau. Yéu cau RSD dién tich pic < 2% & mdi mirc ndng do.

+ Do dung: Puge thue hién bang phuong phap pha mau tring thém chuan tuong Gmg
v6i cac mirc ndng d6 50%, 100% va 150% twong Gmg 20, 40 va 60 ng/ml. Yéu cau ti 1¢ hdi
phuc tir 98 - 102% tai mbi muc ndng do.

+ Gidi han phat hién (LOD), gioi han dinh lwong (LOQ): S/N (LOD) > 3,33 va S/N
(LOQ)>10

I11. KET QUA NGHIEN CUU
3.1. Xay dung quy trinh dinh lwgng
Diéu kién khdi phd t6i wu: sir dung ché d6 MRM dé xac dinh 02 ion phan manh

tuong ung cua tap F allopurinol [7]. Cac thong sO kh01 phé téi vu duoc trinh bay ¢ Bang 1.
Bang 1. Cac thong sb khdi phd va diéu kién sic ky tdi uu

Diéu kién khdi pho toi uu
Chét Nhi¢tdo | Téedo | Thé | ™ | Ning luong .
phan | [M+H]" | Manh | khihoa | khihéa | Cone | ™2° | budngkhiva C;lh,l
tich hoi (°C) | hoi (L/h) | (V) ?1‘{1\"1,‘)1 cham(v) | ‘™
233,00 | 400 900 20 4 15 Dl
TapF 1 279,10 7787650 T 400 900 20 4 42 Dt
Diéu kién sac ky toi uvu
Pha tinh Cot sac ky Phenomenex Gemini NX C18 (150 mm x 4,6 X 5 um)
Nhiét d9 cot 25°C
Toc d6 dong 0,8 mL/phut
Thé tich tiém mau | 10 pl
Didu kién pha Thoi gian (phtt) Acetonitril (%) Acid formic 0,05% (%)
dong 0 85 15
~ 4 85 15

~ Nhaén xét: Két qua cho thdy diéu kién khéi phd sir dung manh ion c6 tin hi¢u cao
khoi lugng 233,00 va 6n gﬁnh horn,duqc dQng deé dinh lugng, manh con lai c6 khoi lugng
187,00 dung dinh tinh. Dicu kién sac ky che dd isocratic thoi gian phén tich 4 phut.

167



TAP CHi Y DUQC HOC CAN THO - SO 69/2023

3.2.

- Py dac hiéu — chon lgc
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Hinh 1. Sic ky d6 dung moi pha mau, dung moi pha dong, ta dugc, miu chuan, mau gia
1ap thanh phém mau gié lap nguyén liéu tap F allopurinol

Nhan xét: Két qua sic ky do6 miu gia 1ap thanh pham mau gia lap nguyén liéu va
mau chuan F xuat hién pic c6 thoi gian lwu nhu nhau. Trén sic ky dd6 mau ta duoc, dung
moi pha mau, dung moi pha dong khong co pic tring v6i thoi gian lwu ciia miu chuan.

- Tinh twong thich hé thong

Két qua RSD cuia cac thong sé khao sat déu cho théy nim trong gid1 han cho phép
(RSD thoi gian luu va dién tich pic < 2%), diéu nay cho thay quy trinh, thiét bj dat d6 on
dinh va d6 chinh xac cao, dap tng yéu cau dé phan tich.

- Khoang tuyén tinh ciia dwdng chuin, LOD, LOQ
Bang 2. Két qua khoang tuyén tinh, LOD, LOQ

Khoang tuyén tinh Phuong trinh hoi quy Hé s6 tuong LOD LOQ
(ng/mL) quan (R?) (ng/ml) (ng/ml)
3-100 1430,18x + 1872,4 0,997 1 3

Nhan xét: Két qua cho théy phuong trinh tuyén tinh véi R? > 0,995. Gi6i han dinh
luong (LOQ) 1a 3 ppb, dat dd nhay cao.

- Dy chinh xac
Bang 3. Két qua do chinh x4c va do chinh xac trung gian cua tap F

Do chinh xac mau gia 1ap nguyén liéu va thanh pham

ong d6 (ng/ml) Mau gia lap nguyén liéu Mau gia 1ap thanh pham

Mau 20 40 60 20 40 60
1 20,35 40,09 60,12 20,12 40,22 60,01
2 20,32 40,25 60,13 20,19 40,3 59,82
3 20,12 40,23 60,18 20,26 40,03 60,31
RSD% 0,58 0,21 0,05 0,33 0,33 0,40

D9 chinh x4c trung gian miu gia 1ip nguyén lidu |
A A Ngay 1 Ngay 2 Ngay 3
Nong do (ng/ml) RSD%
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Do chinh xac mau gia lap nguyén lidu va thanh pham
ong d6 (ng/ml) Mau gid 1ap nguyén lidu Mau gi4 lap thanh pham
Mau 20 | 40 60 20 40 60
20 0,58 0,15 0,2
40 0,21 0,46 0,58
60 0,05 0,05 0,43
Do chinh xac trung gian trong mau gia 1ap thanh phim
20 0,33 0,07 0,36
40 0,33 0,39 0,32
60 0,40 0,42 0,10

Nhan xét: RSD < 2%. Quy trinh dat do chinh xac va do chinh xac trung gian.

- bo dang
Bang 4. Két qua do ding cua tap F
Mau gia lap nguyén liéu Mau gia lap thanh pham
ong do (ng/ml) 20 | 40 | 60 20 | 40 | 60
Mau Ti 18 hoi phuc (%)

1 99,30 100,90 | 99,30 99,80 101,80 99,10
2 100,50 100,70 | 99,60 98,60 100,80 99,30
3 99,10 100,70 | 100,00 99,50 101,50 99,60
TB 99,63 100,77 | 99,63 99,30 101,37 99,33
RSD% 0,76 0,11 0,35 0,63 0,51 0,25

Nhan xét: Quy trinh dat do ding véi ti 1¢ hdi phuc nam trong 98% - 102%

- Ung dung
Béng 5. Két qua tmg dung dinh lugng cdc mau trén thi truong.

Ché pham Ma hoéa Han dung ng/il ?)O T11: 15,/?;13
Nguyén liéu allopurinol (trong nudc) NLTN-A1 09/2024 - Dat
Nguyén liéu allopurinol (trong nudc) NLTN-A2 08/2024 - Dat
Nguyén liéu allopurinol (trong nudc) NLTN-A3 09/2024 - Dat
Vién nén allopurinol 300 mg (trong nudc) | TPTN-B1 10/2024 1,15 DPat
Vién nén allopurinol 300 mg (trong nudc) | TPTN-CI 12/2024 - Dat
Vién nén allopurinol 300 mg (trong nuéc) | TPTN-DI1 08/2024 3,33 0,00021
Vién nén allopurinol 300 mg (trong nuéc) | TPTN-E1 08/2024 - Dat
Vién nén allopurinol 300 mg (trong nuéc) | TPTN-F1 10/2023 - Dat
Vién nén allopurinol 300 mg (trong nuéc) | TPTN-G1 06/2025 - Dat
Vién nén allopurinol 300 mg (trong nuéc) | TPTN-HI1 10/2024 - Dat
Vién nén allopurinol 100 mg (nhap khau) | TPNK-I1 10/2023 - Dat
Vién nén allopurinol 200 mg (nhép khau) | TPNK-I2 10/2023 - Dat
Vién nén allopurinol 300 mg (nhap khau) | TPNK-I3 10/2023 3,5 0,00022

Nhan xét: Khong phat hién (dudi ngudng LOD).

IV. BAN LUAN

Quy trinh dinh lrong véi diéu kién kh6i phd phi hop véi ciu triic clia chat phan tich
do tap F allopurinol ¢ cau tric 14 cac di vong chira nito, c¢6 phan img Michael & nhom hut
dién tir -C=N va phan cuc nén chon kiéu ion hoa dwong (ESI") va ché d6 giam sat ion da
phan tmg (MRM) dé dinh luong. Pha dong Acetonitril va acid formic dugc chon lam dung
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mdi pha mau do acid formic cung cdp nhidu H' cho kha ning ion hoa tbt. Lira chon thé tich
phun khi ¢6 dong LC 1a 5 puL/phtt cho dap g tin hiéu cao va dam bao do lap lai cua hé
thong, thé mao quan 4kV gitip tdi wu tin hiéu dong thoi kéo dai tudi tho thiét bi. Toc do
dong khi va nhiét d6 hoa hoi 1a 900 L/h va 400°C duoc t6i uu hoa dép ung thong sd phan
tich. Thé cone 20 V 1am ting van tdc ion, tir d6 gitp thuan loi qué trinh va cham véi cac khi
khac (hoi dung mdi, dong khi hoa hoi) tao phan manh lam ting tin hi¢u chét phan tich va
giam tin hiéu nhidu. Ngoai ra ning lugng va cham 20 V cho ra nhiéu phadn manh va c6 tin
hiéu 6n dinh, két qua va cham cho ion phadn manh 16n c6 m/z (233) tin hiéu on dinh hon so
v6i cac ion ¢6 m/z nhé (187). Piéu kién sac ky t6i vu ciia quy trinh dugc thyc hién bang ki
thuat sic ky long pha dao v6i pha tinh 13 C18 do chét phan tich c6 LogP trung binh (0 - 3),.
Khi str dung pha dong la acid formic 0,05%/H20 (pH = 3), pic thu dugc gon, khong bi ché
va hinh dang d6i xing so v&i cac cong trinh nghién ctru dugc cong bd [8] v6i 4o nhay cao
0,0001875%, thoi gian phan tich ngan dap tng yéu cau huéng dan ICH Q2(R2) va ICH
M7(R1) trong phén tich tap chét lién quan.

V.KET LUAN

Nghién ctru dd xay dung va tham dinh quy trinh dinh luong tap F cua allopurinol
dap ung yéu cau theo huong dan ICH Q2(R2) va ICH M7(R1) vé tap c6 kha ning gay dot
bién gen bang phuong phap LC-MS/MS, cho két qua dat d6 dac hiéu - chon loc, do ding co
ty 18 hdi phuc tir 99,30 - 101,37%, d6 chinh xac cao (RSD < 2%), gii han phat hién va gio1
han dinh lugong thap Ung dung quy trinh dinh luong tap F cta allopurinol dé kiém tra tap
chat nay trong mot sO ) nguyén liéu va thanh pham allopurinol c6 mat trén thi trudng cho thiy
¢6 2 miu trong 13 mau (ty 18 15%) vuot gidi han cho phép vé tap chét co kha ning gay dot
bién gen theo huéng din ICH M7(R1).
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TOM TAT

Dt vin dé: Testosterone |a ngi tiét to nam quan trong, c6 vai tro trong hoar dong tinh duc
cua nam gidi, nhiéu nghién cizu cho thay c6 giam nong do cac hormon sinh duc trong dé chu yeu la
testosterone trén bénh nhan nam mac dai thao dwong type 2. Muc tiéu nghién cau: Xdc dinh ty I¢
giam nong do testosterone toan phan trong huyer rwong ¢ bénh nhan nam mac ddi thao duong type
2. Doi twong va phirong phdp nghién ciru: 105 bénh nhan nam tur 40 tudi tro lén duoc chan dodn
DTD type 2 tai Bénh vién truong Dai hoc Y Duoc Can Tho, phwong phdp nghién ciru 1a mo ta cat
ngang. Két qud: Nong do testosterone trung binh trong nhém bénh nhan dai thao duong type 2 1a
4,2+2 3 ng/mL thdp hon ¢ nhém dol chiéu (5,5+1,9 ng/mL). Ty I¢ giam testosterone ¢ bénh nhan dai
thao dwong type 2 1a 41%, c6 mai lién quan dén thoi gian mdc ddi thao dwong >10 nam va kiém
soat duong huyet doi khong dat muc tieu. Két lugn: Bénh nhan nam Mdc ddi thdo dwong type 2 c6

ty I¢é giam nong do testosterone huyét tuong cao hon nhom doi chieu.

T khéa: Ddi thao duong type 2, testosterone, nam gidi.
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