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Abstract. Introduction. The experimental results obtained during the work enrich modern medicinal
chemistry with new information about the development and local anesthetic activity of a promising class
of chemical compounds - O-benzoyloxime of bispidine. The discovered new properties of the molecule
can serve as the basis for the creation of a new domestic safe local anesthetic drug, which is effective in
the models of infiltration and conduction anesthesia and has low toxicity. The aim of this work is to
synthesize and study the physicochemical and biological properties of a new morpholino-substituted
bispidine derivative. Results and discussion. 3-(3-(Ethan-1-yloxy)propyl)-7-[3-(morpholine-4-yl)propyl]-
3,7-diazabicyclo[3.3.1]nonan-9-one has been constructed in the 56.9% yield. Oximation under the
influence of a powerful oximylating agent has led to the oxime. O-Benzoyloxime has been synthesized by
benzoylation of the oxime. The complex of O-benzoyloxime with B-cyclodextrin - LA-180 has been
studied for the local anesthetic activity and acute toxicity. Conclusion. It has been established that LA-180
has manifested itself as a highly active compound in a series of experiments, studying infiltration and
conduction anesthesia. The results of a study of acute toxicity after a single subcutaneous administration
to white outbred mice have shown that LA-180 (925 mg/kg) is a low-toxic compound in comparison with
standard drugs such as trimecaine, lidocaine and novocaine.
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1. Introduction

An anesthesia plays an important role in modern medicine, allowing various
medical procedures to be performed without pain or discomfort for the patient.

Existing painkillers do not always fully satisfy the needs of the patients,
especially during complex and lengthy surgical procedures. Over time and
frequent use of the same drugs, resistance to anesthetics may occur. This
increases the need to develop new agents, which can be effective where old ones
no longer work. Thus, the continuous search and development of new anesthetics
is necessary to improve the quality of medical care, provide greater safety and
effectiveness of pain relief, and to meet the specific needs of various medical and
veterinary fields.

The search for biologically active substances among azaheterocyclic
compounds is an urgent task in the domestic medicinal chemistry and organic
synthesis. The azaheterocyclic pharmacophore fragment morpholine serves as a
template for a number of clinically used anti-inflammatory, antifungal,
antileukemic and neuroprotective agents. The introduction of a morpholine
fragment as an effective building block imparts to the organic molecule
antimicrobial, antileukemic, antiviral and myelostimulating properties [1-6].

The aim of this work is to develop a method of synthesis and study the
physicochemical and biological properties of a new bispidine, containing a
morpholine fragment.

2. Experimental part

2.1 Experimental chemical part

The reaction progress and purity of the compounds were monitored by thin
layer chromatography on alumina, and the components were visualized by iodine
vapor. The spectroscopic data were recorded, using a Nicolet 5700 IR
spectrometer and a JNM-ECA 400 spectrometer (Jeol). All reactions sensitive to
air and/or H,O were carried out under an inert gas atmosphere using dry, purified
solvents.

Starting synthon - 1-(3-(ethan-1-yloxy)propyl)piperidin-4-one (1).

Stage 1. To 40.6 g (0.4360 M) of methyl acrylate dissolved in 50 ml of
methyl alcohol was added a mixture of 20 g (0.1938 M) of 3-ethoxypropylamine
and 13 ml of methyl alcohol within 15-20 min. The reaction mixture was stirred at
60-65°C for 5 hours. After the completion of the reaction, methanol and excess
methyl acrylate were distilled off at 140°C. 35.77 g (68.48%) diester (Rr 0.41,
Al;0s, eluent benzene: isopropanol - 7:1) was obtained in the form of a red liquid.

Stage 2. To 122 ml of absolute toluene 3 g (0.1301 M) of metallic Na was
added. The reaction mixture was heated up to 110°C until the sodium dissolves.
Then the reaction mixture was cooled down to 75-80°C and 40 ml of methyl
alcohol was added dropwise.

While the azeotropic mixture of toluene and methanol was simultaneously
distilled off a mixture of 35.77 g (0.1301 M) of diester with 16 ml of methyl
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alcohol was added dropwise to the reaction mixture. The heating was stopped
when the temperature reached 110°C.

A solution of 90.5 ml of concentrated hydrochloric acid and 90.5 ml of
distilled water were gradually added to the reaction mixture. The resulting organic
and aqueous layers were separated. The lower aqueous-acidic layer was boiled at
100°C for 7 hours. The progress of the reaction was monitored using a 1%
solution of FeCls. After the reaction was completed, the solution was alkalinized
with NaOH to pH 10-11. Then the extraction followed with benzene and
chloroform, dried over anhydrous MgSQO.. Purification by the distillation at 1 mm
Hg pressure gave 1 (13.43 g, 46.4%) as light yellow oil, b.p. 100-110 °C, Rf 0.47.

3-(3-(Ethan-1-yloxy)propyl)-7-[3-(morpholin-4-yl)propyl]-3,7-
diazabicyclo[3.3.1]nonan-9-one (2) and bispidine derivatives were synthesized
according to the methods described in the our previous paper [7]. Purification by
column chromatography gave 2 (16.27 g, 56.9%), R:0.44.

Calculated, %: C 61.93; H 9.85; N 15.20. C19H3sN4Os.

Found, %: C 61.68; H 9.86.

The IR spectra (KBr), v, cm™:1730 (C=0), 1119 (C-O-C).

The NMR 3C spectra (100 MHz, CDCls3), 5, ppm: 46.5 (C-1,5); 58.4 (C-
2,4); 56.8 (C-6,8); 214.0 (C-9); 58.5 (C-10); 27.7 (C-11); 66.7 (C-12); 68.5 (C-
13); 15.2 (C-14); 53.7 (C-15); 24.3 (C-16); 53.4 (C-17); 53.7 (C-18); 66.9 (C-19).

Oxime of 3-(3-(ethan-1-yloxy)propyl)-7-[3-(morpholin-4-yDpropyl]-3,7-
diazabicyclo[3.3.1]nonan-9-one (3). Purification by column chromatography
gave 3 (3.75 g, 50.7%) as light yellow oil, R¢ 0.17.

Calculated, %: C 61.96; H 9.78; N 15.21. C19H3sN4Os.

Found, %: C 61.89; H 9.56.

The IR spectra (KBr), v, cm™: 3346 (OH), 1678 (C=N).

The NMR 3C spectra (100 MHz, CDCls), §, ppm: 30.7; 32.1 (C-1,5); 56.4,
56.3, 58.6, 58.1 (C-2,4,6,8); 161.2 (C-9); 58.7 (C-10), 27.5 (C-11); 66.4 (C-12);
68.1 (C-13), 15.2 (C-14); 53.5 (C-15); 24.6 (C-16); 53.7, 58.6, 66.9 (C-17,18,19).

O-Benzoyloxime of 3-(3-(ethan-1-yloxy)propyl)-7-[3-(morpholin-4-
yhpropyl]-3,7-diazabicyclo[3.3.1]nonan-9-one  (4). Purification by column
chromatography gave 4 (0.36 g, 13.4%) as a light yellow oil, R¢0.47.

Calculated, %: C 66.08; H 8.53; N 11.86. C26H40N4Oa.

Found, %: C 66.88; H 8.38.

The IR spectra (KBr), v, cm™: 1643 (C=0), 1677 (C=N).

The inclusion complex of O-benzoyloxime of 3-(3-(ethan-1-yloxy)propyl)-7-
[3-(morpholin-4-yl)propyl]-3,7-diazabicyclo[3.3.1]nonan-9-one with -
cyclodextrin (5). 1.11 g of 5 was obtained as an amorphous cream-colored
powder, which chars when heated.

Calculated, %: C 50.80; H 6.22; N 3.48. CegH110N4O30.

Found, %: C 50.17; H 6.71.
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2.2 Biological assay

For the experimental study of the local anesthetic activity, primary screening
methods were used, recommended by the guidelines for conducting preclinical
studies of drugs [8] and the basic document on compliance with the rules of
laboratory experiments “Rules for the preclinical assessment of the safety of
pharmacological agents (GLP)” [9].

The acute toxicity was studied by a single subcutaneous injection of the
compound 5 and reference preparations - trimecaine, lidocaine, and novocaine to
white outbred mice of both sexes, weighing 17-22 g.

The infiltration anesthetic activity was studied by the Bulbring-Wade method
on male guinea pigs weighing 200-250 g. The local anesthetic activity was
assessed 6-8 times for each of the selected concentrations. The depth of
anesthesia, expressed in ‘“anesthesia indices” (average of 6 experiments,
maximum index - 36), the duration of complete anesthesia and the total duration
of the anesthetic effect were determined. The activity of the compound was
compared with reference drugs - trimecaine, lidocaine and novocaine in
appropriate concentrations. The research results were processed statistically.

The model of conduction anesthesia was studied by the injection of a solution
of 5 and reference preparations - trimecaine, lidocaine, and novocaine in a volume
of 1.0 ml under the skin of the tail into the area where the thermal effect was
applied. Animals in the control group were injected with physiological solution in
the same way and in the same volume. The first testing was carried out 5 minutes
after the injection, the subsequent tests were carried out every 10 minutes until the
threshold values were completely restored. Doubling of the latent period was
taken as complete anesthesia.

3. Results and discussion

N-(3-(Ethan-1-yloxy)propyl)-4-oxopiperidine (1) has been synthesized under
the Dieckmann reaction conditions in the presence of sodium methoxide in
toluene. The simultaneous condensation of 1 with paraform and 3-
morpholinopropylamine in an acetic-methanol medium has given 7-[3-
(morpholin-4-yl)propyl]-3,7-diazabicyclo[3.3.1]nonan-9-one (2).

/N
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Taking into account the low reactivity of the carbonyl group of heteroanalogs
of bicyclo[3.3.1]nonan-9-one, the oximylation of compound 2 has been carried
out in the alcoholic medium under the influence of a powerful oxymylation agent:
hydroxylamine hydrochloride in the presence of pyridine. The prolonged boiling
(for 12 hours) has led to the target oxime (3). O-Benzoyloxime (4) has been
obtained by the acylation of compound 3 with benzoyl chloride in benzene,
followed by the treatment of the resulting hydrochloride with potassium
carbonate.

[ N O
CH2CH2CH—-N 0 CHZCHZCH—N 0 CH,CH,CHyN_

N
NOCOCsH
r NHQOH *HCI r C6H5C0C1 r 6
pyrldme K2C03
N

C3H60C2H5 C3H60C2H5 C;HOC,H;

2 3 4

The composition and structure of all newly synthesized compounds (2-4)
have been elucidated by the elemental analysis and spectral data. In the IR
spectrum of 2 the characteristic bands of stretching vibrations of the carbonyl
group and of the ether bond have been observed at about 1736 cm™ and 1119 cm™
respectively. In the 3C NMR spectrum of 2 a signal of Cy has been observed at
214.0 ppm. The evidence of the formation of a bicyclic product has been doublet
signals of Cy 5 with an intensity of two carbon atoms at 46.5 ppm, as well as triplet
signals of C,4 and Csg with an intensity of two carbon atoms at 56.8 and 58.4
ppm.

In the IR spectra of 3 the absorption bands of the C=N bond (1678 cm™) and
OH group (3346 cm™) have been observed. The structure of the esterification
product are consistent with the data of IR spectroscopy. In the IR spectra of 4 the
absorption band of the OH group has disappeared, and the intense absorption
bands of the C=0 bond of the ester group (1743 cm™) and aryl radical have
appeared.

Compound 5 (LA-180) has been synthesized as an amorphous powder, which
melts above 240°C with the decomposition to study the local anesthetic activity
and acute toxicity. All data have been compared with the indicators of lidocaine,
novocaine and trimecaine (Tables 1-3).

In the result LA-180 (925) has shown low toxicity. The LDsg indicator of the
drugs has been: for trimecaine - 378.2+19.4 mg/kg, lidocaine - 248.6+18.4 mg/kg,
novocaine - 480.0+9.8 mg/kg, dicaine - 41.5+1.9 mg/kg. In terms of toxicity none
of the reference drugs can be compared with LA-180 (Table 1).
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Table 1 — The acute toxicity of LA-180, trimecaine, lidocaine, novocaine and dicaine

Compound, drugs LDso, mg/kg P — reliability of results
P1<0.001
P2<0.001
LA-180 925 Ps<0.001
P4<0.001
Trimecaine 378.2+19.4
Lidocaine 248.6+18.4
Novocaine 480.0+9.8
Dicaine 41.5+1.9

Notes: P1 — the correlation coefficient compared to trimecaine; P2 - compared to lidocaine; Pz —
compared to novocaine

Compound 5 and reference drugs have been tested in the 0.25% solutions for
the infiltration anesthetic activity. As can be seen from the data in Table 2, LA-
180 (34.5) has a fairly pronounced effect.

Table 2 — The anesthetic activity of LA-180 during infiltration anesthesia, according to the Bulbring and
Uyedu method

0.25%
Compound, .
drugs Anesthesia index, Du;?}gg&g;gomﬁ:em Total duration of
Mtm ' anesthesia, min
34.5+0.4 p1>0.05 27.0+2.57 p1<0.02 40.0+1.4 p1>0.05
) 2 p2>0.05 p2<0.001 4 p2<0.001
LA-180 p3<0.001 p3<0.001 p3<0.001
Trimecaine 32.1+1.5 20.0+1.7 38.3+1.05
Lidocaine 23.1+0.9 14.2+0.8 30.8+0.8
Novocaine 25.0£1.0 10.0+1.2 29.1+1.5
Notes: p1 — correlation coefficient compared to trimecaine; p2 - compared to lidocaine;
ps — compared to novocaine

The anesthesia index of LA-180 compared to the anesthesia index of
trimecaine (32.1), lidocaine (23.1), and novocaine (25.0) has been 1.1, 1.5and 1.4
times higher respectively. The duration of complete anesthesia compared to
trimecaine (20.0), lidocaine (14.2) and novocaine (10.0) has exceeded 1.4, 1.9 and
2.7 times, respectively. When comparing the duration of action of LA-180 with

10
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trimecaine (38.3), lidocaine (30.8), and novocaine (29.1), it has been 1.04, 1.3,
and 1.4 times higher respectively.

LA-180 (15.0) has caused complete anesthesia lasting 55.0+3.1 min. In terms
of the total duration of action, the compound has exceeded novocaine (42.3) by
1.3 times (Table 3).

Table 3 — The indicators of conduction anesthesia, using the “tail flick” model

1% solution
Compound, drugs
Duration of complete anesthesia, min Total duration of action, min
15.0+5.14 p1<0.01 55.0+3.1 p1>0.05
p2<0.05 p2>0.05

LA-180 p3>0.05 p3>0.05
Trimecaine 47.3+8.4 56.9+12.8
Lidocaine 65.0+18.4 90.0+18.4
Novocaine 35.2+7.1 42.3+13.6
Notes: p1 — the correlation coefficient compared to trimecaine; p2 - compared to lidocaine;
ps — compared to novocaine

Conclusion. Benzoyl derived 3-(3-(ethan-1-yloxy)propyl)-7-[3-(morpholin-
4-yl)propyl]-3,7-diazabicyclo[3.3.1]Jnonan-9-one  (LA-180) in a series of
experiments, studying the infiltration and conduction anesthesia has manifested
itself as a highly active compound, exceeding the activity of the reference drugs
by a number of indicators. In addition, the compound is low toxic in comparison
with the reference drugs. LA-180 is of interest for the further in-depth study of its
biological activity.
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Tyiiinaeme. Kipicne. YXymbic OapbiChlHIA albIHFAH TOKIPHOETIK HOTHKETEp Kasipri MeIUIHMHAIIBIK
XUMHSIHBI TI€pPCIIEKTHBAIBl XHMUSUIBIK KOCBUIBIC Kiachl Oucrmaud O-OCH30MIOKCHM o3iplieHyi MeH
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JKePTUTIKTI aHECTETHKAJIBIK OCJICEHALTIr Typasibl JKaHa aKnapaTiieH OalbitTanbsl. MoJeKylaHbIH alllbUiFaH
JKaHa KacHeTTepl MHQMIbTPALMSIIBIK XKOHE OTKI3TIIITIK aHECTE3Us YITUIepiHIe THIMAI KOHE YBITTBUIBIFBI
TOMEH XaHa OTAH[bIK KayillCi3 )KeprilikTi aHeCTeTHKAIIBIK IIpernapar AaiblHIay YIIiH Heri3 6oma amaisl.
Byn oicymvicmoly maxcamor — >xaHa MOpP(OTMHOPHIHOACKAH OMCHMAMH TYBIHABUIAPBIH CUHTE3JEY,
(HU3HKa-XUMHUSITBIK JKOHE OHOJIOTHSUIBIK KACHETTEPiH 3epTrey. Homuoicenep scone mankviiay. 3-(3-(Oran-
1-unokcu)npormn)-7-[3-(Mophonuu-4-un)nponuin]-3,7-auazadbuipkio[ 3.3. 1 JHoHaH-9-0H 56,9%
IIBIFBIMMEH KOHCTpyHpJieHAl. KymTi okcuMaeym areHT ocepiMeH OKcHMuUpliey okcumre okenai. O-
BenszomnokcuM  okcuMmai  OeHsominey apkeutel cuHTesfenai.  3-(3-(Jrau-1l-unmokcwm)mpom)-7-[3-
(Mop¢onun-4-un)npomnuin]-3,7-1uazabunukio[3.3.1JHoHan-9-0H O-0eH30UIIOKCUMIHIH B-
LUKIOAEKCTpMHMEeH KemieHi - LA-180 keprijikTi aHeCTETHKAIbIK OCJICCHAUTIKKE JOHE OTKIp
YBITTBUIBIKKA 3€pTTeNal. KopbimbinOvl. 3epTTeyiep HOTHKECIHIe MHPUIBTPALHSIIBIK XKOHE OTKI3TiLITIK
aHeCTe3WsiHbl 3EPTTEUTIH dKcnepuMeHTTep cepusicbiHga LA-180-HbiH jKoFapbl OeNCeHIl KOCBUIBIC
eKEeHMIr aHBIKTaNAbl. AK TYKbIMJIBI THILIKAHAApra Oip peT Tepi acThlHA EHIi3reHHEH KeHiH oTKip
YBITTBUIBIKTBI 3epTTey HoTHKeaepi LA-180 TpumekanH, JTUIOKAHH JKOHE HOBOKAMH CHSIKTBHI CTAHAAPTTHI
MpenapaTTapMeH CalbICTBIPFAH/Ia YBITTBUIBIFB TOMEH KOCBUIBIC €KEeHIH KOPCETTI.

Tyiiin ce3nep: MopdosuH GpparMeHTi, OUCIIHIMH, aLUIEY, KEIIEeH TY3Y, JKePrilikTi aHeCTETHKANIBIK
OCJICeHINIK, OTKIP YBITTBUIBIK.
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Pe3tome. Bsedenue. DKCIEpUMEHTANIBHBIE PpE3YJIbTaThl, IIOJMYYEHHBIE IIPH IPOBEACHWH pabOTHI,
000ralaloT COBPEMEHHYI0O MEIMLIUHCKYI0 XHMHIO HOBBIMH CBEIACHHMSMH O pa3paboTke H
MECTHOAHECTE3UPYIOIIEH aKTUBHOCTH TEPCHEKTUBHOTO Kilacca XHMHYECKOro coeamHenuss — O-
OeH30MIIOKCHMME OWCTuAnHA. BCKpBITBIE HOBBIE CBOWCTBa MOJIEKYJBI MOTYT TOCIYXHTh OCHOBOIT
CO3/1aHMsI HOBOTO OTEYECTBEHHOTO 0E30I1aCHOTO MECTHOAHECTE3UPYIOIIEro JIEKapCTBEHHOTO CPENCTBA,
3¢ eKTUBHOr0 Ha MOJEIIX MHOUIBTPAIMOHHONW M TIPOBOJAHHKOBOW aHECTE3WH M 00JIaIAfoIIero HU3KOH
TOKCUYHOCTBIO. [envro Hacmoswei pabomel SBISETCS CUHTE3, H3ydeHHE (DU3UKO-XUMHUYECKUX H
OMOJIOTMYECKUX CBOMCTB HOBOTO MOpP(OIMHO3aMEIIEHHOTO MPOU3BOIHOTO OUCIUANHA. Pezyibmamul u
ob6cyscoenue. KoncrpynpoBan  3-(3-(3ran-1-mrokcu)nponwn)-7-[3-(Mopdonnn-4-wum)npornmi]-3,7-
nuazabunukino[3.3.1]JHoHan-9-o1 ¢ BeiIxogoMm 56.9%. OkcHMHpOBaHHE IO JCWCTBHEM MOIIHOTO
OKCHMHWIIUPYIOLIETO areHTa NpHUBEI0 K OKcHMY. O-BeH30MJIOKCHMM CHHTE3MPOBaH OEH30WJIMPOBAHUEM
okcuMa. Kommekc — O-OeHzomnokcuma ¢ PB-umkinomekctpmHoM - LA-180  m3ywaim  Ha
MECTHOAHECTE3UPYIOIYIO aKTUBHOCTb U OCTPYIO TOKCHYHOCTD. 3ariiouenue. Y cTaHOBIEeHO, uto LA-180 B
CepUsAX OMBITOB MO M3YYCHHIO WH(MWIBTPAIIMOHHON M MPOBOIHMUKOBOH aHECTE3WH MPOSIBISET ce0sl Kak
COCJIMHEHHWE C BBICOKOM aKTUBHOCTBIO. Pe3ynbTaThl MCCIEAOBaHUS OCTPOM TOKCHYHOCTH IIpU
OJHOKPAaTHOM TOJKOXKHOM BBEICHWH OelbIM OECMOpOAHBIM MbllaM mokasanu, uro LA-180
MaJIOTOKCHYHOE COCIMHEHHE B CPAaBHEHHUH C ITAIOHHBIMH IperapataMd KaKk TPUMEKaWH, JIUIOKAWH U
HOBOKAaMH.

KiioueBsie cj1oBa: MOpdOIHMHOBBINA GparMeHT, GHCIUINH, alMIINPOBAHUE, KOMILICKCOOOPa30BaHHUE,
MECTHOAHECTE3UPYIOLasi aKTUBHOCTB, OCTPast TOKCHYHOCTb.

12


mailto:malmakova@mail.ru

ISSN 1813-1107, elSSN 2710-1185 MNe 3, 2024

Manmaxoea Aiizcyn Epéoceinosna PhD, accoyuuposannwiii npogheccop

10 Banenmuna Koncmanmunosna Hoxmop xumuyeckux nayk, npogeccop

HUckakosa Toinviuumuoix Kaoviposna Hoxmop xumuyeckux nayk, npogeccop
References

1. Kumari A., Singh R.K. Morpholine as ubiquitous pharmacophore in medicinal chemistry: Deep
insight into the structure-activity relationship (SAR). Bioorg. Chem., 2020, 96, 103578.
https://doi.org/10.1016/j.bioorg.2020.103578

2. Khanum S.A., Begum B.A., Girish V., Khanum N.F. Synthesis and evaluation of benzophenone-
n-ethyl morpholine ethers as anti-inflammatory agents. Int. J. Biomed. Sci., 2010, 6, 60-65.

3. Panneerselvam P., Priya M., Kumar N., Saravanan G. Synthesis and pharmacological
evaluation of schiff bases of 4-(2-aminophenyl)-morpholines. Ind. J. Pharm. Sci., 2009, 71, 428-432.
https://doi.org/10.4103/0250-474X.57292

4. Varma R.S., Prakash R., Khar M.M., Ali M.A. Synthesis of 1-(4-anilino)-morpholines/piperidine
and related compounds potential biodynamic agents. Ind. Drugs, 1986, 2, 345-9.

5. Anantpadma M., Stein DA, Vrati S, Inhibition of Japanese encephalitis virus replication in
cultured cells and mice by a peptide-conjugated morpholino oligomer. J. Antimicrob. Chemother., 2010,
65, 953-961. https://doi.org/10.1093/jac/dkq074

6. Praliyev K.D., Iskakova T.K., Baktybayeva L.K., Malmakova A.E. Synthesis and
myelostimulatory activity of a number of 3,7-diazabicyclo[3.3.1]nonane derivatives. Pharm. Chem. J.,
2015, 49, 5, 292-5.

7. Malmakova A.Y., Yu V.K,, Praliyev K. D., Kaldybayeva A.B., Amirkulova M.K. Synthesis,
structure, and biological activity of novel bispidine derivatives. Int. J. App. Pharm., 2021, 13, 1, 69-74.
https://doi.org/10.22159/ijap.2021.v13s1.Y1013.

8. Mironov A.N. Rukovodstvo po provedeniyu doklinicheskih issledovanij lekarstvennyh sredstv.
CHast' pervaya. Metodicheskie rekomendacii po doklinicheskomu izucheniyu protivosudorozhnoj
aktivnosti lekarstvennyh sredstv. Moskva, ZAO «Grif i K», 2012, 339-340 s. (Russ.).

9. Handbook: good laboratory practice (GLP): quality practices for regulated non-clinical research
and development - 2nd ed. UNDP/World Bank/WHO Special Programme for Research and Training in
Tropical Diseases (TDR), 243 p. Available at: https://iris.who.int/handle/10665/66894

13


https://doi.org/10.1016/j.bioorg.2020.103578
https://doi.org/10.4103/0250-474X.57292
https://doi.org/10.1093/jac/dkq074
https://doi.org/10.22159/ijap.2021.v13s1.Y1013
https://iris.who.int/handle/10665/66894

