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Abstract: Ultrastructural pathology is an essential auxiliary tool for the assessment of toxicologic pathology in nonclinical
toxicology studies of drugs. This paper briefly introduces the current application status and points to consider of ultrastructural
pathology in toxicology studies during nonclinical safety evaluation of drugs, and exemplifies the application of ultrastructural
pathology techniques such as transmission electron microscope (TEM) in nonclinical safety evaluation of drugs. At present, although
the ultrastructural pathology technology has a low usage rate in nonclinical toxicology studies, it is an essential auxiliary tool for the
evaluation of toxicologic pathology in toxicology studies of drugs. As a useful complement to drug discovery and nonclinical safety
evaluation of drugs, it can be used for the further research on the results of light microscopy. Attention should be paid to the
necessity of use, compliance with good laboratory practice (GLP), professionalism, scientific nature and the limitations when using
ultrastructural pathology techniques for nonclinical toxicology studies of drugs.

Key words: ultrastructural pathology; toxicologic pathology; transmission electron microscope (TEM); nonclinical toxicology

studies; safety evaluation of drugs

Weis B HA: 2022-04-13

BEUE : B2l U AR R PPN A 36 IR 557 6 1 B0 H (BM2021002)

"HEIE—EE: T ML WL, WA A Z ARG IR e A VPN BE PR 24 2 W . E-mail: ywang-6@innostar.cn
AR A T AR W 9E T M A 25 EE LS, . E-mail: sqzheng.hm@simm.ac.cn

*HEBEEE: S@%E, AW, BFFT7 W82 AR IR R 22 A TEVEAT R 1L #2212 . E-mail: jjlv@innostar.cn
FRSEAE, BB T 50, B 9C 07 10 9 2 AR I IR 22 A P PR FE MR BE 2 1. E-mail: yqzhang@innostar.cn



+ 1488 -

$F45% FE8H 2022FE88 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022

B VR B2 2 25 AR I IR 22 4 1R VR4 B L
B 0 1) B L4 T 4y, 8 O 5 B R X £ 0 A K
LR 58 I3 AR R - AL R R H 23 v AT AH 20
P ke A 0] 7 BEAE R ST R A5 R NG5 8 B OC E B
FE 2T AR I PR 22 4 1 VP 25 B 22 i 5T b, A I 2
B FE B B 7 B ft B (transmission electron
microscope , TEMD £ AR DLk — 3548 520 23 BE 7 Aar
A B0 v B BB 7T 25 W 1) T ReAE A 7
7. (mode of action, MOA) . i %% i\ NF|H TEM
AT R A 4 A B VAL I TV S e AR
993 B 22 HOR B B R R e I 25 1 20 A 1R, B
FRRAS TR R A, TEM H AR TE 1 2547 Mk 1 )82
MWAERZ 2] T — e . SR, 3T LA B & 507 B
BEARM L, DWW KH$E & 7 TEM £ K 18
0, T LR A R e B A A R R RO A R B
o 7 NV 22 A5G PR AT ) 4 SR BRSO R L o S
I R 1) ] FE VRN TR R TEM BEARTE 259
I DA 22 4 1V VA 55 3 2 Wi 0 Fp ) B vk 1Bk
BRI . B H AT AL, BN A R E L R AT B 258
A PR 22 4 PR PR B 70 AH OC 4 e Bl A 5 R U
B 5T TEM S FH 1 AH 5C AL E B2 75 37 18 M R 47
SEIG % FVE (good laboratory practice , GLP) [ 3K o
DRI I S R 18 68 T 465 ) 9 B 2 1E 25 W) AR I PR 22 4 1
M B B 22 50 A S IR AN OGS R
W SRS - AME

5% [ #5 1 5 #5225 (Society of Toxicological
Pathology, STP) /& £ 3E I /K 7 BE 27 BF 70 rh g B2
W %) L ZZ AL G, B0 H AR T2 R B A ) 8L I
AR, STP HAL 7 TEM AR, #E4T T X BRVEH A 1
YA, DA A 5 SR O ARFE I N R, AR L] 2
IS ZIIT R AN AR IR IR 22 A 1 VA B2 3
S T AR A R G A s A 1R R IR AN O
R TR0 78 U I ] N A A R B A AR
(1 2 s 2 FH 155 00+ R OA g o Tl 4 B 2 A TH
25V 3E i PR 25 28 27 BF 5T o B M BE 2 0F Al ) B
HBh TH 22—, FFAE AR R B JE I PR E B2 B 58 b A
BTz WA P S A R A AN
1 BREVKREFEAYIERKZ2HITFNSIE
FHRPAIRK

STP I B} 2% 5 I & B3R 25 01 2% (Scientific and
Regulatory Policy Committee, SRPC) J{ 37 T 1 4>
TEM TAEA, LAt A7 A & FVPAk 75 2590 51 R A1)
A PR 22 4 P VE U B 2 2 9T 5 o 48 R 1 5 A
P ) M SRR FH AR

1.1 TiRARRFBER

TR Z 5 HAFEEA B BE Ll
PR B2 5K, SRR T 1A B2 A A Bk 1 2 2
SR, e AR O 5Bk 25 ) AR EOR Ak
A A\ A A B 5T 20 21 (contract research
organization, CROD &5 % ™ Bl 22 45k . 1% TAE4L
DA 2T 0] 5 1 2 m) 4 BR g M 3 B 27 2%, L 456 STP L K
I 75 14 97 # 2% 2 (European Society of Toxicologic
Pathology, ESTP) . %t [ # £ J # %% 2 (British
Society of Toxicologic Pathology , BSTP) il H A 75 4
Jii P %% 4 (Japanese Society of Toxicologic
Pathology , JSTP) ] 2= B2 #EAT 1 MBI, I A% I 45 (0 4%
204N iR, R SRR B 258 4 32 U7 1) 1) 4 [
52, X2 U7 5y Aok i 2 4Rl . CRO AL BURT
T EARMAGAE ) A | 5, STPUER T A7 2 15
BB, FER HH R TAEA .

ZWHE N HPAE T PR TEM $RE AR IR IR
259 e AN 22 A P PEAl T B UK, FRAR 4 X e 45
R4 4 Keirstead 51 2 50 42 4146 B TEM AR 1
F2 7 1“9 A (points to consider)” . I YK 1 £ 1)
H R TEM R 78 88 o 45 48 V7 Al b 10 82 A 3
WAESE , LLAAEAT 245 DL T N H TEM BLSCRFE IR IR
A T T R T R R A i PR A DL
BLAA 72 75 I DG V32 Ak 45 A4 B 2 V1 Ali GLP LY 1)
MM
1.2 £ TEM £ ARKSAZERFE#Y

#e R Z 02 ViR B A, 40 CRO ML 5 b
24%, fill 24 Ak AR 24 BRAK 2 i o T 5 LE 56%, R
25w R o B 7%, T AE I R B LA I AN R
1%, KR2ZHZU#H A T EES A, B
LA H TEM 10 48 DAL 2k 2256 (64%) « 65% %
Vi # BT AE LA AE 3F I IR B B 2 0 5T R S o
TEM 3 47 6 1ol 45 44 98 327 PP Al DASCHF IR & 2=
41% 32 V5 & BT AE I HLAG ¥ T 5 1A 25 ) % I BUR
RUEREFT. 4 TEM BOR M T 0 & R i 2 PR AT
FI, K2 #(70%) % V5 Rox , R 3T TEM A
A GEE P RED T 2 050 , 5 W5 R AL 4 %
HORZ VTHRAZ VR BB A AR A R
M HTR BB = o 24 TEM $AR 8 FH T B RlBIF 78 A0 5
2RI, HA B S A S A S WAL B B
5 AU A A R I ) R XS B AR A 1) D
5 0 B A AT B TS A VT AL 4 PRLSR 2
il A LA R 25 brad A

HEAT TEM K A BF 58 850 8 I 1) H B0 2 BIF 580 5



$F45% FE8H 2022488 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022 + 1489 -

BB R B 45 R A MR A F KO KL
WEAE, B RN T 2 MR LR I oK i i
TEM K 75 768 1 285 4] 114 250 A% Sk 0 Wi 44 & 90 11 A WL 5%
FI| i 75 & (no observable effect level, NOEL) 2§ A
W %2 3 4 2 AE F 71 & (no observable adverse effect
level, NOAEL) /& fiz N /> WL H 1
1.3 TEMEERERFEF-HR

K 2 B2 U7 RN AE RS AE 1) — R B S 5T
J7 AL HE TEM R 25 B 7 A SRR ZE R N
o TEERIEAT A M S0P 1R T =
SKAE T T (100%) 1B I (94% ) 2H 23 72 B¢ i L F) 22
K, AR HE C12% ) <0 JIE (6% ) F I IE (6% ) 55 2H 23
WA S 14752 Vi3 R 55 FL 22 0t 50 i o AR
7 2H 3% B 1/10 481 KRR, a8 a0 IE 48 A 0 B E VR
4% % 5 W I [ 58 Ja RS A T E T A% A
B AR 4 JH BT A 25 R L T R AN
SROGT PRI it B A0S R SE AT 10% Hh 1k 22 h oA 2R T bk
[#] 5 YR Y I8 5, AV 45 1T B PR 68 45 ) 3 BEL 2 A
o A Ui iR AUE K T 7 22 R
SE RN S A F TEM ARG 75 9 A

B 50 45 SR J5 B0 U RS A ) o 28 5 Wi 1) 8 il 45 4
9 2 R R D I 5 AR VAR R R U 2 5
ZUR g P (86%) & B VI v (63%) il T U v 2
M (60%) « H 7 1% (60%) I8 Fr A (46%) « HL, T 1§
AR AT B ARG 10 T (41%) FIT EN RS (37%) . £
¥z Ui (85%) Rt & & 1 TEM EHZ , (H I
AAE b HE 5 /F BEFE (standard operating procedure ,
SOP) R , R 34% (112 5 8 R TE IS /i
AR A A TEM BB
1.4 GLPENMFMTEMEEIRSE

KZH(T9%) 32 Vi #F Rl F TEM £ 2 i
FAE N FE A GLP 1 E s IR 75 B 22 BF 78 00— 3 45 o
KT TEM Ab BRI VE Al o 72 22 15 75 2452 & 75 & GLP
BURMGAEZE R, 27% 52 Vi 8 KR IR AL & GLP 2
RS0 = AT TEM AL EEHIF 9T, 38% 52 15 # R
ANE| =1 TEM B 70 F2 2 fF & GLP 2R 1, 17%
%17 Fon I AR GLP E R 347 TEM WF 7T ; 8%
2 V5 # R o R 3 — B 58 TEM & 25 0F fili A~ 38 A
GLP 23K 11 52 B s B 5B T 1B B 5 s A 2 % 207 &
FoR W B G GLP LV 58 T & TEM AR 2 1P A5
42% 52 15 %A X7 A GLP E R [ TEM B 58 3R 4T
95 F 22 A AT VL, 18% 3217 452 1 I T 2 [R) 4T F
W 27% %2 Vi F NS5 AR GLP ¥ TEM i 7t AH
Eb , B0 AT 75 & GLP Z 3K ) TEM BF 58 T 4E %% f) i 1]

5 —FEM) 9% 52 15 38 WA A 75 248 2% 2 4% IR [A]
K2 H(78%) %Z Vi & NN A1 M GLP 35 ¥ TEM
W78 B 24018 5 38 M GLP #L3E 1) TEM BIF 78 9
Xl o

T8 75 GLP BUYE , K2 502 Ui &\ ik
A MR LR IR R AR SRR AL S 1 4 1 T TEM A
AR . AR T HE RO BAER A #RE , TEM
oA R 45 A8 AL HE G, T B BT TEM 20 i
ANk N B S = fF R E M R 4 (aboratory
information management system, LIMS) # , [X [t
TEM £ £ % 75 38 o A G486 SL 50 3 4 1) R B 35
2 BREMFREFEAVIERASEFMRFH
*F=

R TAEH &N TEM BORAE 259 FE I IR 25 21
SERIE T A R N BOIR R 7 45 SRR B, TEM RS 25 VP Ak
88 2 245 A Wi PR 25 38 2% 0F 70 b 2 V0 20 5 VP A
MEEB TR HRTR&HR= FHRED A
B0 B I 1] AR B DA Rl iR B = 5 R
HAEHEIFA T . TAE GBS i 45 7 973 B 24 1
2 A I PR B 3 22 0 70 b R S A H R OGE R
LR OAN T TH
21 TEMEEEEFAATERM

25 A I PR 55 B2 22 A FL h TEM RS & RE A 2
WA AR ELAE AR B AR, RO TEM A 25 A 42 it
S 2 Y 41 7 EE SO 1 B AR 2 W T L I R B A 2
Wi Bh T T MRS LE I B AL IR AT EE VR AN
TR T 225 A B A AT AR R A O R A A
45 ST AE R B 1) d T vE
22 TEMEELXFEMN GLPHE

7518 M GLP BUYG [ 35 2L 24 58 o, TEM A 25 ]
PAA I M GLP #L7E . TEM $3 A H %t — /N2
B D BB I AT 3 B A 4 R e MR A DA
WEhfRR L BB R L R ¥ B A
g5 JLIE i w7 E AR B L K AE Z2 AT NOEL/NOAEL (1)
S hrE" . Bk, GLP WF 5T T JE 1 TEM A £ PE A
REEARWIA R E , 370 75 56 4238 A GLP RS .
2.3 TEM#&EETEEMN SOP

[ERETIORTIAW P R DA S N N S N
JE e )RR AR 2R L S8 0 T 405 BlAL
TG . RS RS TEM B H WAk, =
TCHES SOP T LA .
2.4 TEMEERLERITIFIN

B T 45 1 3 BRI T8 S AT AT VR
T A 4 7 SR G Ath 9 B 2 ot By Bk 4 s AR



+ 1490 -

$F45% FE8H 2022FE88 ‘ﬁﬁ-#ﬁﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022

HEAT IE BRI A FAT PP, BUE 7E s &k b
B AR 3 1 R Ak 5 o T 2 4 T PG DL SRR
R WIRRE .
2.5 TEMEATZIHIERSIEFMRAIBIALER IR

L SRR A 4 A AR A AN S B R ) T 1) R
AR /% TEM A 254 9 AE I R 25 22 22 5F 578 1 B
R oro TAR A E WAL A A A B8 SR )
Feih b f R4 TEM FF 5 A i B DA o
Ut 0 S 2 AT O 2 B 45 R R il T TEM
AR 3 — A 5 AT LA AL By, I AT e 7R AR i
A TEM A 38 (1% [#] 52 71 H % 48 2R A 8] 52 Jig 1 2H 213
AT R 2 . 78— A B2 Ao, AT DA BE K
A5 B 2 e A AVUOM J7 28, DLk B3R 15 FUAR A
HHE A0 TG 22 SR AR TR Tl A DA CRP PRI
2V R B E L IE Y BRE R BE AR AL [ e
O ET.
2.6 TEM#EEFREIIFMN NOEL I NOAEL

AN g W AE FH TEM £ 7 94 NOEL B NOAEL.
Ko 52 V5 K I S B 1 B 2 X e B
BN RIS R T Bz, 248 TEM
BEAT RS MR T2 00, 1 5 T b AR T ek
A B R T R 3 2 0 BORE A B, DA A 4 50
AR HIAL 2 AR B BE R S A BRI R . AE
FLUe A BN, 0 e 4 0 B LB 8 A BT ST AT
T 7R BB S 7 0 R I O R HEAT R A
PR B VA Tl B I (B TAEALA 2 T3 M
(1 AE I PR 23 B 0 T2

— MR, A T b A g B 2 AR AL R
9 B 52 R 2/ B 2R 1 sl W A ) B 6 HE 2 B
BEAT VR BRI T o FE i G 0 28 R0 AN 5] 77 5 4 18] 9
2 B E L, TEM B B AL . Wik, %
T RE 4% A B M FE AT 1 2 W VR A 1R 2 2R AN B ) Bl
=B, TAE4A W AE TEM A 2 7 #1 52 NOEL 5
NOAEL. %A, T BBt g Lol T Tt
U R A 4 IR AE AN DR 3R CUn 4 i s k=
SERAT AR,
2.7 FFEFFR TEM IR E4E 5t B FpE K2R A

L S U B U EOR B V20 1
TG 0 BSCAG A JEA F J7 (  , F RT R R Ml
LN G 7. ARG IR 22 &N 7
THT » 248 6 BSF [ 0 B AT 2% FH O T 25 0 B I PR 22 4 1
W 25 ¥ 5 CRO RF 42T & TEM VAl JE 3 g
2.8 A TEMEARZTEEHFEFER

TEVETHRIE 77 R0, W R ZLH TEM 347 8 ik s

R PP Ak, 25 ¥ W00 2R 2 Z R0 = 0, BAERIE 5056 it
FIEAT o
29 TEMEZEIEZWMHMBEMS

8 F TEM £ 2 75 2208 ol MR 2% . K
Z HZ Vi F AL AE GLP %A% F 47 TEM K & , F 1A
N B B ) 2B R AR A e B BOR Ll R R AN
BHETT P HERYE . AN 2 P A R I (e
R GLP FLYE D , B m B & R Bl AR
TEM LI 2 B ZHH B E .
3 BREMFREFEAVERASEZFMRFN
AR B

FEL PR I PR 58 B 22 M2 Rt ek, B8 T 46
) T BEL 2 U A L 85 4 PR T 28 2 PP A v AR S L
3.1 REZAGRIRE

8 F /) BR AR B0 BR AR AR A o 1l RS 7 58
‘i 55 40 W 155 F, 1] Celectroretinogram , ERG) ) 2% AH
Wt 2 B 1% (optical coherence tomography , OCT) %
FRAAZE &, DL AT MRl R 5 2R B . TEM AR
A A] DAY IR B U7 VR R T R B BRI R
ERG 5L OCT &5 R i B iR AL B R a5 . B T
PRI A1, 37 S L BE O P DL At I PR A A ml AR i
PREE BE 27 BIF 58 Hh Ol 5 2 B8R T A I I AR A 1) 4
BI7R . BT IREE 2Bk, B X TEM & A& b (112
B TE AL UGN VTN E R AT B I PR AR BRI
AN TR 2H s 73 75 BB T J7 ok 3 DAAE 390 s
2 1 TR O R P 7 e o T VAT 1 — B R OC L [
I S R R 7 W AR N XA R T A AR 48
Hayden 5592020 £ 438 1 1A H 340 190 JI  fik 2% &
TEM #2518 K /)N B BEL B 5 000 T 110 g 36 A5 ol o) %
J7i
3.2 EBIRFORIEBNISHA

ARFEP2015 AR IE T H T BB BR 7E
HAZWrr R N, B E TR AR T A H 2
AT ERGR, [R IS 729 B2 1) K R b R
F, 7 30 B B AR O 5% 3 B0 BRI AR A R T Tl PR )
T2 Wi R0 9 B 20 391 20 TR, A OK L4 e 1 i PR AR
. B RS ARE NS E BT B e ]
DAfil 2 00 3 T8 28 S0 FL Th e 5 I 4 I G 2 R 25 AR
W3R EL . ARG V2018 4F K I TEM W% %41
KRN ddh 2 o e & 454, 45 R B R B4
KB T B S B R O S SR A R
FHR A TTEE N, MBS EIEW] T KR
T o R 22 o R G R ) AR T A B 1 AR I IR
2.



$F45% FE8H 2022488 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022 + 1491 -

33 HIAMBRKRELER

TEM £ £ 18 7T LA\ 25 W0 AE I R 22 4 VR VEANY
ROV R A R R W AE2018 AR H M
U R B B R A7 AT 3% s 3 A TR O v sy B S
TR K SRR, K TEM W 22K 531 b i 4 e
B IR B 2 AR, W TEMOAS 256 14 JROm K
(1) o % 5 % B oy R VP O B B B L. X G
ZE042015 45 R TEM SR Z2 B Uk 1) B IR) o 057 P 2
B B /INER PR 41 PR 2 41 AR R TR B AN B 0
(R =2 I R A L, 1 IR SEGTIE B TEM A 25 5% W %%
29 6 322 42 1D B 2 AR AN B TR TR T S A
3.4 HENEAEAMRIEER

TEM £ 25 16 n] AF 8 25 1) AE I IR 22 4= P V7 A H
A8 bR (0 5 B T B, F TR AR I R 245 2805 T
NI s AL (R AE , I8 W] DA FE sk A 3R
FE M B VR RS N RS 0 1) BBUBR A= b B
A £ AEP2019 AR T B Y 1 s A Ak ) i A 1 B
WS S o BB S ST e IR X I 1 %
(37 ¥ 1 T B AL, X6 T4 B 347 TEM G LAV %
S B FA BT T4 L 5 E BH DC ST 2 TR i ik 4 /0N BT B8k
FEFERH . HEEE2021 FH AR ELG
o £ AR A 5 1R e 2 0 O T A S 3 i TEM O
BRI K R AR T A 78 2R ik 2 2E B
K BLAE A A Ak, BT “BEA AR T AR, £
LA U e A W 2R L ek D 5 1 R AV T
KBS R S R A 33 457 R A% 5 518 70 0 R A 0 I 2, i
HL R IR, AR I B K . SR A TEM AR 2 iE
B R A3 T LA 1 e i o 20 400 i 28 s Ak T e
081 e 22 2 LR T

3 S SR B A2 R s B 2 AE 2 A IR IR
B AE A AL B A B B N ANE
4 LHIE

TR T 225 ) s B 2 R A AR D 245 4 A I R 25 2
W70 B VR B 2 VA (0 B B B TR 2 —, B
A5 FH A0 56 AH X A, (5 AT 10 2 B B A A 4
REHE— P, UAE 9 5259 R AN R IR IR %2
MM BRI AN A AR . EREN T,
TEM FEARA SR A A I\ = 5 2 2% 5o 2 (B /N Bk
R 2 AR AR L A0 5 T P 5 Y S 1
AL Bl P G 25 WA R )R P AN
W25 24577 AN BT B 68 T 45 A 93 B 24 TR 25 1)
R PR 2 4 PR U 4 B 21 22 0 78 A A0 456 Rt ok
% . MES )G 2H T 2 08 M 3 2% K 5 2
XA VLT B B A AU B RCE I T R IR R T SR

K TEM £R N5 RS AT T4 Bh 41 21 25
LTRSS Wy A ] (AP B LS s 7 R E R IEATE //E ]
R VPP EZE TR —  fER SO T 59K
e IR B VEAFAE S A HL A BT AT T A 5 K
I REE — T3 3% £E AR R 0 245 W A e PR B 2L 22 W 78 oh L
A A P SR E N A A

RBAR FAMA Y SR RA LA B

S3E 0k

[1] Grover A, Sinha R, Jyoti D, et al. Imperative role of
electron microscopy in toxicity assessment: A review [J].
Microsc Res Tech, 2021, 85(5): 1976-1989.

[2] Fagerland J A, Wall H G, Pandher K, et al. Ultrastructural
analysis in preclinical safety evaluation [J]. Toxicol
Pathol, 2012, 40(2): 391-402.

[3] L'imperio V, Brambilla V, Cazzaniga G, et al. Digital
pathology for the routine diagnosis of renal diseases: A
standard model [J]. Rom J Morphol Embryol, 2021, 34
(3): 681-688.

[4] Morfeld P, Treumann S, Ma-Hock L, et al. Deposition
behavior of inhaled nanostructured TiO, in rats: Fractions
of particle diameter below 100 nm (nanoscale) and the
slicing bias of transmission electron microscopy [J]. Inhal
Toxicol, 2012, 24(14): 939-951.

[5] Keirstead N D, Janovitz E B, Meehan J T, et al. Scientific
and regulatory policy committee points to consider*:
Review of scientific and regulatory policy committee
points to consider: Review of current practices for
ultrastructural pathology evaluations in support of
nonclinical toxicology studies [J]. Toxicol Pathol, 2019,
47(4): 461-468.

[6] Rudawska A, Haniecka I, Jaszek M, et al. The influence
of biochemical modification on the properties of adhesive
compounds [J]. Polymers, 2016, 9(1): 422-437.

[7] Bensalem S, Pareau D, Cinquin B, et al. Impact of pulsed
electric fields and mechanical compressions on the
permeability and structure of Chlamydomonas reinhardtii
cells [J]. Sci Rep, 2020, 10(1): 2668-2679.

[8] Triarhou L C, Manto M. Exploring subcellular cerebellar
fractions with the electron microscope [J]. Cerebellum,
2021, 20(4): 492-494.

[91 Gopi S, Balakrishnan P. Evaluation and clinical
comparison studies on liposomal and non-liposomal
ascorbic  acid
bioavailability [J]. J Liposome Res, 2021, 31(4): 356-364.

[10] Zak A M, Kaczmarczyk O, Piksa M, et al. Light-induced

in situ transmission electron microscopy: Novel approach

(vitamin C) and their enhanced

for antimicrobial photodynamic therapy imaging [J].



+ 1492 -

$F45% FE8H 2022FE88 "éﬁ-i‘ﬁﬁti Drug Evaluation Research

Vol. 45 No. 8 August 2022

(1]

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[20]

[21]

Photodiagnosis Photodyn Ther, 2021, 35: 102463.
El-Shenawy A A, Mahmoud R A, Mahmoud E A, et al.
Intranasal in situ gel of apixaban-loaded nanoethosomes:
Preparation, optimization, and in vivo evaluation [J].
AAPS Pharm Sci Tech, 2021, 22(4): 147.

Gage G J, Kipke D R, Shain W. Whole animal perfusion
fixation for rodents [J]. J Vis Exp, 2012, 65: ¢3564

Zhou Y Q, Davidson L, Henkelman R M, et al.
Ultrasound-guided

left-ventricular catheterization: A

novel method of whole mouse perfusion for
microimaging [J]. Lab Invest, 2004, 84(3): 385-389.

Xiao X, Wang W, Li Y, et al. HSP90OAA1-mediated
autophagy promotes drug resistance in osteosarcoma [J].
J Exp Clin Cancer Res, 2018, 37(1): 201.

Fani A, Sofia K, Theodora P, et al. Pseudoexfoliation
syndrome in diabetic patients: Transmission electron
microscopy study of anterior lens epithelial cells [J]. Rom
J Ophthalmol, 2021, 65(1): 38-45.

Tizro P, Choi C, Khanlou N. Sample preparation for
transmission electron microscopy [J]. Method Mol Biol,
2019, 1897: 417-424.

Alibardi

immunohistochemical observations of resting follicles of

L. Transmission electron microscopic and

feathers in chicken show massive cell degeneration [J].
Anat Sci Int, 2018, 93(4): 548-558.

Liu L, Suzuki T, Shen J, et al. Rescue of retinal
morphology and function in a humanized mouse at the
mouse retinol-binding protein locus [J]. Lab Invest, 2017,
97(4): 395-408.

Hayden C M, Meseck E K. Transmission electron
A method for
preparation and evaluation [J]. Toxicol Pathol, 2021, 49
(3): 521-527.

BREE . BB RORIE R IS W R [J]. KD E
2 KR, 2015, 31(1): 195-196.

Li S H. Electron microscopy

microscopy of the retina: sample

technology in the
application of the 1. J
Changchun Univ Chin, 2015, 31(1): 195-196.

KRG, TRINHE, BR B, 45 IR i JE 32 6 J00H0 B 2 K
BT i AR 2 TG s A B T (D). R R 2 A
2018, 46(6): 33-35.

pathological diagnosis

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Song R W, Zhang L P, Cheng Y, et al. Effect of adding
Warm Gall Bladder Soup on hypothalamic neurons of
rats in depression model ultrastructural effects [J]. Acta
Chin Med Pharmacol, 2018, 46(6): 33-35.

Bodi¢ K, Gagne G D, Sramek M K, et al. Asymptomatic
macrothrombocytopenia in a young pure-bred beagle
dog: A case report [J]. Toxicol Pathol, 2011, 39(6):
980-987.

W, BEXEAL, S SZGR, S5 I S LB AR PR R R B
B AR SR > BT R KRR [9]. R AE 2R, 2018, 41
(3): 249-252.

Chang Z S, Wu Y X, Liu L N, et al. Application of
transmission electron microscopy in the analysis of
intestinal epithelial cell connections in diabetic rat [J].
Chin J Anat, 2018, 41(3): 249-252.

KRG, M IR, BRI, &6 RS BR VA IE S AR R
JIFE 240 R =2 109 45 S WE A [0]. KB HIE AR 3, 2015, 15
(1): 42-46.

Liu Z B, Mei C L, Hu H M, et al. The best lanthanum
tracing method of displaying kidney cell glycocalyes with
transmission electron microscope [J]. Chin J Histoctchem
Cytochem, 2015, 15(1): 42-46.

Bonventre J V, Vaidya V S, Schmouder R, et al. Next-
generation biomarkers for detecting kidney toxicity [J].
Nat Biotechnol, 2010, 28(5): 436-440.

FALL, 5K BB . DT L JE B /) B - i 7 3 3 45 0 1Y
B VE R [J]. 128222, 2019, 40(21): 2985-2990.

Wang X H, Zhang C. The protective effects of pirinixic
acid on hepatic ischemia reperfusion injury in mice [J].
Guangdong Med J, 2019, 40(21): 2985-2990.

MR, X &, WKz, SERA G R E RS R IR
e I ) A 20 O B mPAX T il A A 453 95 % 40 e 9
HIsEI [J]. 9 SEG 7 RS 4 7, 2021, 27(16): 47-52.
Yang M M, Liu X, You Q Y, et al. Effect of Suanzaoren
Tang on mitochondrial damage and apoptosis in
hypothalamus of elderly rats with chronic rapid eye
movement sleep deprivation [J]. Chin J Expe Tradit Med
Form, 2021, 27(16): 47-52.

Crivellenti L Z, Silva G E, Borin-Crivellenti S, et al.
Prevalence of glomerulopathies in canine mammary
carcinoma [J]. PLoS One, 2016, 11(10): e0164479.

[FERE  Firx]



