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Abstract: This study comprehensively evaluated the reproductive safety of Ramulus Mori (Sangzhi) alkaloids
(SZ-A) in rats, analyzed the toxicokinetics of the main active ingredient 1-deoxynojirimycin (DNJ) during embryo-
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fetal development, and determined the no-observed-adverse-effect level. Reproductive toxicity assessment was
conducted in three stages (this study was reviewed and approved by the Institutional Animal Care and Use
Committee of Beijing Union-Genius Pharmaceutical Technology Development Co., Ltd., ethics numbers:
SN22072-DS, SN21288-DS, SN22074-DS). In stage I, rats were orally administered SZ-A at doses of 100, 200 and
500 mg-kg" (calculated as total alkaloids) to evaluate its effects on fertility and early embryonic development,
including sperm count and motility in males, as well as mating and pregnancy rates in females. In stage II, pregnant
rats were given SZ-A by gavage at 100, 200 and 500 mg-kg"' to examine its impact on maternal health, embryo-
fetal development, and fetal growth, while DNJ concentrations in maternal plasma, placenta and fetus were
measured. In stage III, pregnant rats were orally administered SZ-A at doses of 250, 500 and 750 mg-kg'.
Indicators were examined to evaluate perinatal safety, including maternal reproductive function; offspring growth
and development, behavior and learning/memory function, reproductive function; and F2 embryonic development.
The results showed that SZ-A had no adverse effects on fertility, early embryonic development in both male and
female rats, and on embryo-fetal development in pregnant rats. The plasma exposure of DNJ in pregnant rats
showed a linear relationship with the administered dose. However, only limited distribution of DNJ was observed
in the placenta, and the drug was undetectable in whole fetal tissues. At all tested doses, SZ-A showed no
reproductive toxicity. This was evidenced by normal sex ratio, growth and development, and reproductive function
in the F1 generation; embryonic development of the F2 generation was also unaffected. The no-observed-adverse-
effect level (NOAEL) of SZ-A over the entire reproductive cycle in rats was determined to be 500 mg-kg",
indicating favorable safety. This finding provides essential reproductive safety data to support the potential clinical
application of SZ-A in special populations such as diabetic patients of childbearing age, gestational diabetes
mellitus (GDM), and patients with polycystic ovary syndrome (PCOS).

Key words: hypoglycemic natural medicine; Ramulus Mori (Sangzhi) alkaloids; reproductive toxicity;

developmental toxicity; no-observed-adverse-effect level
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Figure 1 The effects of Ramulus Mori (Sangzhi) alkaloids (SZ-A) in the fertility and early embryonic development toxicity test. A—C: The

body weight of FO male, female and pregnant rats, n = 17-20; D, E: The food intake of male and female rats, » = 4; F, G: The weight of

testis and epididymis in male rats, n = 10; H, I: The organ coefficients of testis and epididymis in male rats, » = 10; J-L: Total sperm count,

total motile sperm count and sperm motility rate of the male rats, n = 10; M: The rate of female embryo loss. n = 17-20, x £ 5. "P < 0.05,

ok

“P<0.01, P <0.001 vs the solvent control (SZ-A 0) group
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Figure 2 The effects of SZ-A and sodium salicylate (SS) in the embryo-fetal development toxicity test. A: The body weight of pregnant

rats, n = 18 or 19; B: The food consumption of pregnant rats, n = 5-7; C: Fetal rat body length, n = 120—143; D: Fetal rat tail length, n =
120-143; E: Litter weight, n = 18 or 19; F: Mean fetal weight. n =18 or 19, x £ 5. "P < 0.05, P < 0.01 vs the solvent control (SZ-A 0) group
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Figure3 Toxicokinetic results from the embryo-fetal development
toxicity study. A: AUC,, of DNJ in plasma at GD6 and GD17; B:
The content of DNIJ in the placenta and fetus at GD20. n = 6 or 7,
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Table 1 The effect of SZ-A on the growth and development indi-
cators of F1 rats in perinatal toxicity test. n = 16-20. "P < 0.01 vs

the solvent control group

SZ-A/mg-kg"
Parameter 0 250 500 750
(Control)
Litters N 20 18 16 18
Born alive N 299 262 221 251
Born dead N 1 1 2 9
Female N 144 143 111 122
Male N 155 119 110 129
Appearance deformities N 0 0 0 1
(%) 0.0 0.0 0.0 0.4

Birth survival rate (%) 99.7 99.6 99.1 96.5"
Survival rate on the 4th (%) 99.7 100.0 100.0 99.6
day after birth
Lactational survival rate (%) 100.0 99.3 100.0 100.0
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Figure 4 The effects of SZ-A during perinatal toxicity study. A, B: Body weight of female rats during gestation and lactation; C, D: Food

consumption of female rats during gestation and lactation; E: The physiological development in F1 rats; F: The reflex development in F1

rats; G—J: The autonomous activity route, latency of rotarod test, latency of step down test and number of errors in step down test of F1 rats.
n=16-20,x+s. "P<0.05"P<0.01 vs the solvent control (SZ-A 0) group
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Table 2 The effect of SZ-A on the weight of F1 rats in perinatal toxicity studies. n = 16-20, x £ 5. "P < 0.05, P < 0.01 vs the solvent

control group

SZ-A/mgkg'
Weight / g Age/d 0 (Control) 250 500 750
(n=20) (n=18) (n=16) (n=18)
Litter weight 0 104.1 £ 11.1 97.0 £ 13.4° 96.7+17.3" 954127
Average fetal weight 0 7.0+04 6.8+0.9 72+1.1 6.9+0.5
14 39.0+2.9 37.9+3.0 36.2+3.0° 354+3.0"
21 63.9+33 61.9+4.0 60.9 +4.0 59.6+4.2"
Female weight after weaning 28 98.9+7.0 100.5+ 7.1 98.2+6.9 98.3+6.3
49 220.1£15.2 2224+ 12.1 218.4+19.1 219.6 £ 16.2
70 290.6 +21.9 291.7+23.9 285.6 +26.8 280.8 +20.0
Male weight after weaning 28 113.7+6.4 111.3+5.8 109.9 +10.4 107.1+7.1
49 3229+21.3 331.6+11.4 327.8+29.7 321.0+18.3
70 460.6 + 38.3 485.4+£33.7 467.9 £ 44.1 461.3+£25.0

FiEB B &GS, BRI R R A
TG AR TG % % 7 (B14G). 750 mg-kg 7l
A B B IR IRV IR 4 A (P < 0.05), NAMAEZE
S8, LM E X (B 4H). 500 mg-kg! 4 HEAF B
B £ 0 W R I, AR IR (P < 0.05), %7
A 2 A TG B R B RN R &R, AR SRR AL e B 2
S (B 41.0). AT, SZ-AFHT BRI E 530 i3
P K 2 2 12 Re T B R s

333 FIEEMENR2ERELZE SAEAFI KR
AT A 2 AR AR B TS % % 7. FLME
B HA R L™= R S R W LR, & E Y TR
SZ-A 500,750 mg-kg" 7l &4 I E R LT =, BA R
T ER HEEEYE L SFRANE Pk
PG RRE TSR R BB R SR bR B R i
ZE 5. gR b, SZ-A XY F1ME B 1 AR 5 Th e A& F2 iR B
KE WA,

it

A B 2 A P 3 AR T IRAT W A SRR, B
TRI6 45 R B ANGE B AMEE NS, (HAE TR BITE A RS T
i, W EAEEENSEME. $T SZ-ATEEIRN %4
PENEHHE B =, LLRCP467 BE BB PR 9w /PCOS ¥6 97
SUERIRI ISR TR R, AR E 2T T SZ-A A H
BEMEOF AL o AR RS B IR IE B SZ-A R 5K
FHFEE (median lethal dose, LD,)) K7T-10.0 g'kg”', K
2226 JVE B 4 T SZ-A HOK i 52 718 R 500 mgkg”,
EEA% R 224578 300 mg-kg o AL, R T BRI TTEL
IR 1 77 52 2 R OK R K T 25 1 0 1 o KT 52 57
500 mg-kg”', & T 100,200,500 mg-kg™ 3 /N7 &4,
S5 T BRI 1T B SR 35 R oR AR Bl 2 0, DR Utk
T B a6 R 2% B s ) B 1) 22 4k, B T 250,500
750 mg-kg' 3N FIEMH . EHNIIAT AR S K E B

T FEAR DT ARG T i U], 368 AN SR 5 5 () AT 5 HER
o R FR BB T E I 7 S ) HE R AN 22 0 56 7Y
SEEAR R T LAORIE . DR, ASHF 5T 1ECAN T Bk B A %
BIEEXEA . T UM G-I & & 25, R~
DI IE S A R (U, W T PR AL A
W0 AR T SZ-A AR A B M 7T K, 45 SEAIE BA
SZ-AFE R A FE BRI 78 R I R 47 22 2 1,
B % & B F 2 (no-observed-adverse-effect level,
NOAEL) ¥ 500 mg-kg", LLAE D6 1129 9 277.0 mg-
kg AT T g TR AR T F 48] R IR RS R R
iRt THESEE L.

ABENESRERERE BEIRE (B KT
SZ-A X FOR KB T B AT A AE B 21 IR
FEIRHT KB KGR E s, F 1BOR S, SZ-A
7E 500 mg kg™ P, P R RRE PR DR BRI AR A0 R
JERGTCEEPE R . fEREYE R, BARTE 500 mg kg Il &
B, K5 TG 3 R B A T B, (EORE 7 0 5 8 3 0, o
AN EHE ETHES, IR ER BT RRAE M TR
T BTG T FET B A BN o in -2 - 52 hu 4
(AR 25 7, GnRHLH FSH K¢ 52 Ji 7E 123 F v % 4% by
[F1E L, A5 A1 r= AR R 70 I G B, 1 i il i) D e
AR RS T A s Ak, SR A RIS 2 R T
RFERETHE TN S —AHEEFER. dEdhEt
R 52 LR 85, Sk SR Ak B, A BT b A R 4
(') DNA #5173, AT 4EFRRE 720" SRR M.
SZ-A BA RUFRIPUEAIE M, 3 AT fg 2 H a8 ks 7 %%
BB 2 —. SR, SZ-A &7 EA W -
TR - 22 ML H 1) D e AR AR R B RE 7 R AEAE T, v
FEEL WA T LA B . EREYE T, 500 mg-ke
AR E R R E AR, Hob 5 Py s e 2 5,
B RBE T . AR W Y, HiR
N SZ-A T RES ST KRB RAG IERIEMH . BRERR
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FEEEMG R E, J ik BE AR R E
PR 25 52 M 2 R R A kY, A RE RN, TR A %2
FE-IERG# M, A5 IR 28 MO IR G B 3R S 80 AN 5 4
=0 —, BE2H5FENEEZEA RBUEHE BAE R
WA K. MR R, e E A RS
PHAS 7 57 PN 25 52 1 2 57, 5 e S iR 35 PR B A0 5 PR
FIUT . SZ-AAE A HE 2454, kAR F R 1 A0 S 3
YL R 3 W& ORI, HIRER
R DR E T8 N RS S RN AE %, 75k
— BN -

Y IG - k& BRI (1) T gRzh
M4 B R AW 25, BRI AW, BB IS
VIR NP WG AR AT R B B, 7R AR T BLATE
52 F, BH T BE K A7 A 22 30 Y B A ) K ROTE i B i
PR B M, SZ-A F A E A KB LI R E
R IEEVE, 11 BE 233 77 5 50 S o A A e e G -

BT R G o o A B ARTE R, BB . 7R
B, WIIR R B, SRR I IR 1L R B
BAETS, M ST R, RN AR R
X, AR R I AR B AR s — P R . SZ-A
TR B 1) A 1 ROR, R RHIMAG & & AR
o, ERTRE —E RS . B MERENA
WRBHKE . B 2 B i R R B 0
BEDR 2, AR B 10 B O (R SR AR e,
T RE 5 B AL TS 5o 0. IR 40 BB B R WLk 2R 7E
W 15 28 20 ) i — TG AT B B A 2 O AL, T8
INABETH#BAKELR (skeletal variations), 1M JE 45 14
PERGTE o HH TG A 2R S W I B B A AE S R S5 AT 4 82
HEAT, 50T BE A2 22 [ = 1, DRI A B AT R 7 B 3
YR R AL TR L RE . A, 1SR
RAEZIE V] BESZ BB R A BER AR BOIRES K
5 B I (R & R R R R0 SZ-A{K R ALY
Il B B e A R B SR AR, SZ-A KBS R B RS ]
RE B E R, HE S — IR AR .

AW FEAE T BT 78 h A AR b m A B AN
250,500 #1750 mg-kg", ¥ — LK% SZ-A XF SD K i
(R P B A B R I . PR B RS A AR L 1)
S5, WU/ L AR R B R, G TE R
B FRIET VEKKE RE S RS R E
Mo NFHRIAE R AR K G B 1, 11 BOE 75 A& 0+
AR AR 5 2 PR R B A FE L 5P, G R BOR,
7E 250,500 mg-kg' 7l & F, R MR AT, M
750 mg-kg " FE X F1 A F2 AR AR TE B B 52mn . (HF1
PR AR S BRI E IR, AP
14~21 KR E N EA G248 L (P<0.01). 14

FRVE R MR, X R AE K82 BT 1, B 5 28~70°K,
ZAFRAESHRAMLELEE ER. XKW,
SZ-A1F 750 mg kg & N F ER 0 F1 AT B A& 3
A 2, (EZ 008 AT B AR KR B AR B R, 28 st
LB A A KR, A, SD oK B EEL S ) SZ-A TR )
NOAEL #4500 mg-kg'. 7£ NOAEL #J#& F, SZ-A {F
U U0 % O LA FH 245 10 22 4 R L, i S AR R B AR K
REKAEFEDRETCA R

I o [ W 24 38 S E 7E AR AR DS i i e, 3L
SN N H ST PR K . 2 i 251 AR T e A A UM R
BN BEREZG BRI R, BEIR TESEA TS, B
ZHXUAT (MET) o, R HIG RN C8 4, %4
PEEAR RS Bk — e R e B E
TR T % . HF 4R R MET Al g5
FEC R PG - 24 P i 3 D Y, S AR M o L
I o JU i A0 A B OK o B JoT AN AR B 28 Ok B PO
T o AR B 2% /K P T v LR PCOS B KU 386 i 250021,
GLP-1RA A 8 7 #h kS Th g B 50, S 3U6 47k B
AR 1 B AR PR . SGLT-2i 2§ B8R U
A0 38 I e R e R TR R KUY FE P HERE GDM
f)— 2% I 26 N IR i 2, N 8 U0 10 IR B 24 1 o — 26
2, (ELJBR &% 25 AT BB I Se I TR XS BT O,
TG — Folt 6 0 28] A A L 7 TR I ST R 28 0 22 42 11, Wi PR
TSR e 75 HE R (AR 22 S PN 2 W 1) 24 B 2 R AL, 3R AT
AMRAIRIT T R E o AW A SZ-A FE @ I
i) -8 267 B T B TE 1, R IR ) B AN O T e R 2% A
JiR B AL R AR B A F o AR At ATL 1) 7 A B 24,
o= H] 2] AR A A1) 7R (BT 38 W KA B I RN R A 4
W) XA R A R HRE RN . GEIAH
TE T HE D, 12710 P A b 24 7 S B4 285 ) [T A, A W
KPR MR ERE RN, HAEFTE I o-F
2] W 0 A1 1) 90 T TG AR SRR, — T I 4L S R R
I3 B AT o8 % 0 L B G AE I S U AR I T
Xif 7N B 52 AL 5 O S B AR R O R % OIS M S
Wi, $2 7~ H P REAFAE T AE AR T UG S I A
H AT CLR S L MEHEAT JE L AN PCOS F3E S AIE #1 J& H I
PRAREE . 7EMETS =T, 58 A TH 1 A2 5 2 1 00 22 %
BT XA T X W A S IR N IR, BE R
FRGIREGEHARARIES . £ET %408 L, M
0 PRI R IR B S T RERE R 7 1 o N B SR A — b A
W A 25 H, B EENIRKS A3 AR L.

gk L ATIR, AHIE 9T 20 A T R OK B AR B 2R 1T AT
SZ-A R R It A2 56 75 1% 1) NOAEL 2N 500 mg kg, PA
AR 24 277.0 mg-kg” (F1 24T 60 kg & A F 257
2 680 mg). ZHF LIRS SZ-A B RUF IR R % 4
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P, RO HAEAR KRB T £ & 7 5K 15 4R PRI
PCOS 45 & NRFIR Ot 1 9120 (AT T2 Ak, th oy )5 ¢
(R PREG AT U BEE T B B A

YEE TTRR: X K3 Btk 25 3 07 MO0 S AR DR et
T8, 257797 AT 1o S0 B AR IR AN B 0 AT R S AR
TR AR IS B 2 A RSB G IR IR 2 SR A 3l
Pl ; 1538 2 55 300 20 M AIE SCHIRS; RS S 0 B
4 A T I AN R N 2 5 B 2 T AR SCB BG X RFR A
BTt B R ROR IR 3 SCRHEZE 8 € FUE R -

FIEHRSE: ASTAAEE A AR TR KR
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