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4.2.9.2 Establishment of the murine infection and inflammation animal model282

A thigh muscle mouse model of infection and inflammation was developed for imaging purposes283

by adopting procedures from a previous study with some modifications [27]. In brief, animals284

were inoculated intramuscularly (right hind leg) with 1.5 × 107 colony forming units (cfu)/mL of285

S. aureus or E. coli suspended in 100 µL of culture media. To induce sterile inflammation, the286

same mice received 100 µL of a turpentine oil solution intramuscularly into the left hind leg.287

Infection was allowed to develop for 3–5 days, which is typical for a model of chronic infections,288

and a health check, including monitoring of the infection and inflammation sites, was conducted.289

At 3 and 5 days after the inoculations, all animals underwent whole-body [68Ga]Ga-DOTA-AeK290

microPET/CT imaging, and after euthanasia, a complete ex vivo organ tissue biodistribution291

radioactive assay was performed.292

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



85

4.2.9.3 Animal imaging procedure293

A total volume of 100 µL of [68Ga]Ga-DOTA-AeK (7.4 ± 2.0 MBq, 4.86 ± 1.45 GBq/µmol 5 %294

EtOH/PBS, pH 7.0) was administered as an intravenous bolus via the tail vein. At the same time,295

the animals were kept anesthetized, (4 % isoflurane in oxygen for induction and 1.5–2.5 % for296

maintenance). Non-invasive, whole-body microPET/CT imaging was performed using a Mediso297

nanoScan® PET/CT scanner (Budapest, Hungary). A previously described, image acquisition298

was performed [30]. The PET/CT imaging procedure consisted of static whole-body scans per299

animal commencing at 60 min post-injection. The imaging protocol included the X-ray topogram300

(30 sec) to ascertain the correct animal placement followed by CT image acquisition (4–5 min)301

and 20 min long PET image acquisition. Image reconstruction and analysis were performed as302

previously described [30].303

304

4.2.9.4 Ex vivo biodistribution studies and histopathology305

After PET/CT imaging, the mice were euthanized via cervical dislocation while still under306

anesthesia. The different organs (spleen, pancreas, stomach, intestine, kidneys, liver, heart, lung,307

muscle, and femur) were collected into pre-weighed tubes. The radioactivity of each sample was308

determined using an automatic gamma counter (Hidex AMG, Turku, Finland). Results were309

expressed as a percentage of injected dose per gram organ (%ID/g). Subsequently, both muscles310

on the left and right thighs were fixed in 4 % paraformaldehyde and submitted to the University311

of Pretoria, Department of Paraclinical Science, for hematoxylin and eosin (H&E) and Gram312

staining. Infection and inflammation tissue analysis was performed by a qualified pathologist.313

314

4.2.10 Statistical analysis315

Unless stated otherwise, the results were analyzed using Microsoft Excel 365 Software316

(Redmond, WA, USA) and GraphPad Prism 9.5.1 Software (San Diego, CA, USA). Results317

from experimental repetitions are expressed as mean ± standard deviation (SD). Means were318

compared using the unpaired two-tailed Student t-test, and differences in values were considered319

statistically significant when p < 0.05.320
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4.3 RESULTS AND DISCUSSION321

4.3.1 Development of 68Ga-radiolabeling method for DOTA-AeK322

Aside from various peptides with longer amino acid sequences, we previously developed kit-323

based radiosynthesis for the pentapeptide NOTA-cyclo-Arg-Gly-Asp-d-Tyr-Lys (NOTA-RGD)324

[31]; this confirmed the safe use of sodium acetate as a buffering agent, which was subsequently325

used in this study. Furthermore, original results concerning the radiosynthesis of DOTA-AeK326

(732.79 g/mol, Figures A1 and A2A) with Ga-68 are reported below.327

328

Firstly, to ensure accurate analysis of radiosynthesis, the validity of radioanalytical methods for329

[68Ga]Ga-DOTA-AeK quality control were tested. Both HPLC and ITLC methods were assessed330

for their ability to identify [68Ga]Ga-DOTA-AeK and were found to accurately measure the331

compound. Thus, both methods can be used as radioanalytical quality control measurements for332

crude and purified [68Ga]Ga-DOTA-AeK samples. The required labeling efficiency and product333

purity was confirmed via radio-HPLC (Figure A2B) and the ITLC method (Figure A3A,B and334

Table A1).335

336

4.3.1.1 Effects of radiolabeling conditions on Ga-68-complexation of DOTA-337

AeK338

DOTA was selected as a chelator, along with a 95 °C incubation temperature and sodium acetate339

as the buffering agent (pH capacity range 3.7–5.6), with eluate fractionation as the preferred340

generator elution technique based on previous experience and similar outcomes from the341

radiolabeling of different research peptides [32-34].342

Therefore, crucial changes to vector concentration, eluate acidity, and incubation time were343

investigated to determine the optimal radiolabeling parameters. These parameters were set at344

≥95 % RCP.345

346

4.3.1.2 Ga-68-eluate acidity and vector concentration (DOTA-AeK)347

A serial radiolabeling strategy was carried out to investigate the influence of pH (3 and 4) and348

vector concentration on the complexation of [68Ga]GaCI3 and DOTA-AeK. Figure 4-3a,b show349

that radiolabeling efficiency is directly proportional to the vector concentration. In addition, the350
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data demonstrate the critical role the pH plays in coordinating the chemistry of [68Ga]GaCl3 with351

DOTA. At pH 3, a radiolabeling efficiency of at least ≥85.9 ± 2.3 % was observed at the highest352

peptide concentration of 303 µM. In contrast, the labeling efficiency was significantly improved353

at pH 4, with the highest RCY of ≥95 % obtained from a 76 µM peptide concentration. This354

difference in efficiency may have been a result of carboxylic acid group protonation and the355

formation of hydrolyzed 68Ga3+ colloidal species [68Ga(H2O)6]3+ observed at pH ≤ 3.5, resulting356

in lower RCY. At pH 4, the carboxylic acid group were partially deprotonated, forming an ionic357

bond with 68Ga3+ and optimum RCY at a low peptide concentration [35-38].358

359
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(a)360

361
(b)362

363
Figure 4- 3 : The influence of peptide concentration and pH on radiolabelling efficiency364
performed at (a) pH 3 and (b) pH 4 (95°C, 15 min). The results are expressed as mean ± SD365
(n=3) with fitted lines indicated. Green-shaded area indicates the desired level of radiolabelling366
efficiency.367
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4.3.1.3 Optimization of incubation parameters368

To investigate the effect of incubation time on the labeling efficiency, 76 µM [68Ga]Ga-DOTA-369

AeK was prepared via incubation for different durations (5–20 min). Our findings show an370

optimum radiolabeling efficiency of ≥95 % between 10 and 20 min at 95 °C for [68Ga]Ga-371

DOTA-AeK (Figure 4-4, green areal). This is mainly due to the fairly slow reaction kinetics of372

DOTA (the dotted light blue line was added for kinetics that were estimated early-on), requiring373

a higher heating temperature (60–100 °C) for extended reaction times (range 10–60 min) for374

radiometal complexation to occur [39, 40].375

376

377
Figure 4- 4: The effect of incubation time on the complexation of [68Ga]GaCI3with DOTA-AeK378
(76 µM; pH 4; 95°C) up to 20 min using radio-HPLC. The results are represented as mean ± SD379
(n=3). The green-shaded area shows the required radiolabeling efficiency >95 %.380

381
To maintain optimum labeling efficiency and %RCP, the following parameters were adopted for382

all routine radiolabeling during [68Ga]Ga-DOTA-AeK characterization and its preclinical383

assessment: 76 µM DOTA-AeK mixed with Ga-68 eluate buffered with sodium acetate to an384

acidity of pH 4.0 followed by 15 min incubation at 95 °C.385
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4.3.2 Development of a purification method of [68Ga]Ga-DOTA-AeK386

387

Solid-phase extraction (SPE) is often suggested for improving the radiochemical purity (RCP) of388

a radiotracer via the removal of impurities, such as uncomplexed-68Ga, colloidal-68Ga, traces of389

Germanium-68 (68Ge) and co-eluted metals [41, 42]. Here, we tested the product purification390

procedure for radiolabeled [68Ga]Ga-DOTA-AeK using the different strategies tested, which are391

listed in Table A2.392

393

Firstly, the cartridge retention of [68Ga]Ga-DOTA-AeK by different cartridges was investigated394

(Table A2). The C18 cartridge showed a maximum retention capacity of 84.9 ± 10.6 % of the395

total amount of radiotracer radioactivity applied, while the lowest retention capacities were396

observed with the HBL and Stata X cartridges. Since C18 showed the highest [68Ga]Ga-DOTA-397

AeK retention, it was chosen for further optimization. It was hypothesized that the retention398

capacity of C18 cartridges could be negatively affected by sample overload, with 15.2 ± 10.6 %399

of the radiotracer detected in the flow-through when using radio-HPLC (Table A2); therefore,400

two C18 cartridges were combined (290 mg sorbent mass) for purification to test this theory.401

Based on our results, the 290 mg sorbent C18 cartridge improved the retention capacity,402

allowing it to reach ≥98 % (Table A2). Based on these observations, we conclude that the403

combined cartridge capacity significantly improved the retention capacity. This finding agrees404

with that of a study by Alhankawi et al. [43], which reported the improved retention capacity of405

hydrophilic peptides using C18-C18 loaded with a larger mass of absorbent.406

407

The second optimization procedure concerned the critical effects of wash/rinse solution and408

volume. and compared the consistencies of purification performance for recovery efficiency and409

radiotracer purity (Table 4-1). Although it was possible to retain [68Ga]Ga-DOTA-AeK on a410

non-polar C18 absorbent, removing impurities using 1 mL of an aqueous solution resulted in411

cartridge retention loss with 85.8 ± 6.9 % activity reported post-wash. This was mainly due to412

the hydrophilic properties of [68Ga]Ga-DOTA-AeK. Therefore, reducing the washing solution413

volume (0.4 mL) minimized the radiotracer loss to a reported 94.9 ± 6.2 % retained radioactivity414

(Table 4-1).415

Finally, efficient recovery of [68Ga]Ga-DOTA-AeK from the cartridge was evaluated using416

different ethanol concentrations (Table A2). Due to the hydrophilic properties of [68Ga]Ga-417
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DOTA-AeK, 5 % v/v ethanol solution was sufficient to recover the compound, resulting in a high418

RCP of ≥9 5% and an excellent recovery of 83.5 ± 7.6 %.419

Based on these results, purification using the 290 mg C18 cartridge, 0.4 mL 1× PBS wash420

solution, and 5 % v/v EtOH (in PBS pH 7.4) for elution was adopted as a standard SPE421

purification method for [68Ga]Ga-DOTA-AeK.422

423

Table 4- 1: Influence of reducing washing agent volume during purification performance of424
SepPak C18 light (in tandem alignment connected back-to-back).425

Treatment
(Wash & Rinse)

Activity
Retention (%LA)

Activity
Retention
(%LA)

Post-Wash

Recovery
Efficiency (%RA)

RCP (%)

1 mL PBS (n = 9) 99.7 ± 0.2 85.8 ± 6.9 60.7 ± 12.7 100
0.4 mL PBS (n = 6) 99.8 ± 0.1 94.9 ± 6.2 83.5 ± 7.6 100

SepPak C18 tandem setting was pre-conditioned with 10 mL EtOH and 10 mL H2O. Product426
activity was recovered from the cartridge by slow elution with 1 mL 5 % v/v EtOH (aqua)427
solution. Before purification, the RCP was determined by HPLC analysis of a crude reaction428
solution of≥95 %. (%LA) = percentage of the total loaded radioactivity from the starting429
radioactivity with %LA measured (MBq) on the cartridges after the loading step pre- and post-430
wash. (%RA) = percentage of the total recovered radioactivity from the starting radioactivity431
with RA measured (MBq) after the activity elution (recovery) step.432

433
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434

4.3.3 Log P determination for [68Ga]Ga-DOTA-AeK435

The determination of the radiotracer’s hydrophobicity is a critical part of development as it436

critically affects the biodistribution of the radiotracer [44]. The hydrophobicity of [68Ga]Ga-437

DOTA-AeK was investigated using the octanol/water partition procedure. Based on the results,438

92.3 ± 0.04 % of the tracer was recovered within the aqueous phase with a calculated partition439

coefficient (LogP) of −1.08 ± 0.00 (n = 3). The results indicate that [68Ga]Ga-DOTA-AeK shows440

a high level of hydrophilicity.441

442

4.3.4 Serum protein binding of [68Ga]Ga-DOTA-AeK and proteolytic stability443

The plasma protein binding properties of [68Ga]Ga-DOTA-AeK were investigated using rapid444

protein ultrafiltration and separation at different time points. Based on the results (Figure 4-5),445

[68Ga]Ga-DOTA-AeK demonstrated low protein binding properties with an approximately 10.18446

± 6.9 % protein-bound fraction, recorded up to 120 min with no significant difference observed447

between 30 and 120 min. This observation is mainly attributed to the hydrophilic nature of the448

radiotracer, as previous studies have demonstrated a positive correlation between hydrophobicity449

and plasma protein binding [43, 45].450

451
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452

Figure 4- 5: Plasma protein binding of [68Ga]Ga-DOTA-AeK (37°C; over 120 min). The results453
are represented as mean ± SD (n=3).454

455

456

Figure 4- 6: Plasma and PBS stability of [68Ga]Ga-DOTA-AeK at 37°C. The results are457
represented as mean ± SD (n=3).458

459

After centrifugal filtration, the unbound radioactivity found in the liquid fraction in the collection460

tubes was further tested for plasma and PBS stability and analyzed via radio-HPLC. [68Ga]Ga-461

DOTA-AeK showed no degradation in plasma and PBS (control) over an extended incubation462

time, thereby maintaining the desired RCP of ≥95 % (Figure 4-6).463
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4.3.5 Formulation stability464

The stability of [68Ga]Ga-DOTA-AeK was tested in different product formulations (pH 4.0 and465

7.0) post-purification at room temperature. As displayed in Figure 4-7, the post-purification466

eluate (pH 4.0) and neutralized formulation (pH 7.0) remained stable up to 120 min with an RCP467

of 100 ± 0 % and 98.8 ± 2.0 %, respectively,. In neutral and slightly basic conditions,468

deprotonation of donor atoms (e.g., nitrogen) might occur, potentially increasing the metal-469

binding capacity. However, if the solution becomes too basic, the metal ion may hydrolyze,470

forming metal hydroxides, which reduces the stability and purity of the radiotracer, with a non-471

specific distribution likely to be seen in the liver, spleen, and bone [46, 47]. Based on the results,472

we achieved a <10 % v/v EtOH formulation with the RCP of ≥95 % required for preclinical473

investigations.474

475

Figure 4- 7: Stability of purified [68Ga]Ga-DOTA-AeK formulation (pH 4.0 and 7.0; room476
temperature; up to 120 min) analysed by radio-HPLC (re-occurrence of free Ga-68 species). The477
results are represented as mean ± SD (n=3).478

479
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4.3.6 Bacterial cell uptake of [68Ga]Ga-DOTA-AeK480

To test if bacteria were able utilize [68Ga]Ga-DOTA-AeK, in vitro studies were performed by481

incubating live and heat-killed bacterial cultures of E. coli and S. aureus with the tracer for482

different time periods. No significant increase in radioactivity above the heat-killed bacterial483

cells was measured at any time point up to 120 min with ~98 % of the radiotracer detected in the484

medium (Figure 8a,b). Similar to our results, a lack of bacterial uptake and internalization was485

previously reported for 3H-labeled disaccharide-(L-Ala-D-Glu-meso-A2pm) tripeptide (800486

g/mol), an analogue of AeK, while the same study demonstrated successful in vitro integration of487

L-Ala-γ-D-Glu-[3H]A2pm into the PG layer of E. coli [24]. Thus, in vitro results of our study488

suggest the unsuccessful integration of [68Ga]Ga-DOTA-AeK.489

490

(a)491

492
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(b)493

494

Figure 4- 8: Cellular uptake of [68Ga]Ga-DOTA-AeK in live and heat-killed bacterial cultures of495
(a) E. coli and (b) S. aureus incubated at 37°C for up to 120 min (n=3). Unpaired Student’s t-496
tests were performed for comparison. p<0.05 values were considered statistically significant. All497
measured were not significant.498

499

Based on these findings, it was hypothesized that the conjugation of DOTA to the AeK tripeptide500

interfered with the targeting properties of [68Ga]Ga-DOTA-AeK. To justify this interpretation,501

the in vitro incorporation of the initially studied fluorescent analogue of AeK (AeK-NBD) was502

measured in live and heat-killed E. coli and S. aureus cells using flow cytometry and confocal503

imaging. The flow cytometry analysis demonstrated (Figure 4-9a,b) high fluorescence intensity504

in both live E. coli and S. aureus cells, which was significantly decreased in heat-killed cell505

cultures (p < 0.05). Furthermore, as demonstrated in our experiments and a previous study [25],506

the bacterial incorporation of AeK-NBD was observed at 10 min, indicating that uptake occurred507

immediately after adding the tracer to the bacterial cultures (Figure 4-9a,b). This observation508

was supported by confocal imaging (Figure A4).509
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(a)510

511

(b)512

513

Figure 4- 9: Flow cytometry analysis of live and heat-killed (a) E. coli and (b) S. aureus cell514
cultures incubated with AeK-NBD for up to 60 min (counterstained with Vybrant DyeCycle).515
Results are represented as mean and SD (n=2 for each parameter). Unpaired Student’s t-tests516
were performed for comparison, with p values <0.05 (*) considered statistically significant.517

518
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Therefore, it is plausible from previous studies that PG-targeting tripeptides containing either519

diaminopimelic acid (A2pm) or lysine can be taken up by bacteria, which was evident with520

[3H]L-Ala-γ-D-Glu-meso-A2pm and AeK-NBD [24, 25]. Interestingly, contrary to previous521

findings in the literature, we demonstrated bacterial uptake of AeK-NBD not only in E. coli but522

also in S.aureus cultures, which was not tested for accuracy and specificity. However, our data523

suggest that although DOTA-AeK (732.79 g/mol) and AeK-NBD (509.48 g/mol) have the same524

targeting entity (AeK), the imaging vector can interfere with the metabolic integration of AeK525

into the PG macrostructure. There is some evidence supporting the assumption of a molecular526

weight cut off, with a ≤600 g/mol requirement for active membrane transportation, as seen with527

other PG targeting molecules [48]. We may therefore attribute the lack of bacterial uptake seen528

with [68Ga]Ga-DOTA-AeK to its unfitting molecular size preventing active transportation or529

influx across the cellular membrane, and crucially hindering the intracellular enzymatic530

metabolism necessary for incorporating [68Ga]Ga-DOTA-AeK into the PG.531

532

4.3.7 Exploratory biodistribution of [68Ga]Ga-DOTA-AeK533

4.3.7.1 PET/CT imaging and ex vivo biodistribution534

Despite the lack of bacterial incorporation of [68Ga]Ga-DOTA-AeK in this study, the intracellular535

uptake observed earlier with AeK-NBD encouraged us to further characterize AeK in an in vivo536

setting, including PET imaging of infected animals. Therefore, preliminary in vivo537

biodistribution studies of [68Ga]Ga-DOTA-AeK were performed to understand the538

pharmacokinetics of AeK using E. coli- or S. aureus-bearing mice also suffering from sterile539

muscular inflammation. Results from qualitative PET/CT image analysis and ex vivo tissue540

counting suggest that [68Ga]Ga-DOTA-AeK showed no significant uptake in the infectious foci541

(tested at Day 3 and Day 5 post-inoculation of either E. coli or S. aureus). In contrast, the542

radiotracer was more pronounced in the sterile inflammation site in both cohorts (Figure 4-543

10a,b).544

545
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However, the results should be interpreted with caution due to limitations in the experimental546

model, since active infections could not be confirmed (Figure A5A–D) and the imaging protocol547

was carried out later than at the standard 24 hrs post-inoculation. A critical reason is that after 3548

or 5 days, most of the bacteria in the infected tissue were phagocytosed by host macrophages or549

otherwise had been encapsulated or included in a biofilm, therefore possibly being inaccessible550

for the radiotracer [49].551

(a)552

553

554
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(b)555

556

Figure 4- 10: Representative PET/CT images and corresponding ex vivo biodistribution of557
[68Ga]Ga-DOTA-AeK after 60 min of intravenous injection in (a) E. coli and (b) S .aureus558
model of infection (red arrow) and inflammation (yellow arrow) at 3 and 5 days post-inoculation.559
Unpaired Student’s t-tests were performed for comparison, with p values <0.05 (*) considered560
statistically significant.561

562

The ex vivo biodistribution data correlated with the findings from PET/CT imaging Figure4-563

10a-b. Unlike other PG targeting radiotracers [9, 50-52], [68Ga]Ga-DOTA-AeK showed564

minimum signal in background organs Interestingly, significant increased uptake was observed565

in the heart, liver, lungs of the S .aureus group at Day 5 post-inoculation and this is more likely566

due to physiology changes induced from the initial infection and/or inflammation (Table567

A3).Despite traces of the radiotracer detected in the liver, hepatobiliary excretion was excluded568

with rapid clearance mainly by renal excretion. This can be explained by the hydrophilic569

properties of [68Ga]Ga-DOTA-AeK under physiological conditions. In addition, the in vivo570

stability of [68Ga]Ga-DOTA-AeK was confirmed as indicated, with very limited uptake of571

radioactivity in the bone (≤2 %D/g) (Table A3).572
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4.4 CONCLUSION

An initial preclinical investigation of the tripeptide AeK to determine its potential role as a

prospective PET imaging agent for the visualization of bacterial infections by the targeting PG

salvage pathway was presented. We provided new insights for NBD-AeK analog internalization

by Gram-negative bacteria (E. coli) and a Gram-positive (S. aureus) strain. Motivated by the

results, a 68Ga radiosynthesis protocol was developed for the DOTA-AeK analog, featuring

optimal labeling parameters and a tailored purification procedure that further allowed for initial

radiochemical characterization and early bio-pharmacological preclinical investigations.

Promising radiochemical and proteolytic compound stability result motivated us to conduct non-

invasive small animal PET imaging.

The achieved results from both in vitro and in vivo bacteria uptake studies are sufficient for us to

conclude that the overall low uptake rate and cellular turnover, attributed to the large molecular

weight, compromise the ability of [68Ga]Ga-DOTA-AeK to be qualified as a sensitive and

infection-specific radiopharmaceutical. Of interest is that minimal accumulation of [68Ga]Ga-

DOTA-AeK in response to inflammation was observed; however, whether this might impact the

specificity of AeK as a potential radiotracer in infection imaging remains unclear.

While the results of this study prove that AeK is a PG biosynthesis-targeting molecule (even

when conjugated to NBD), intracellular or membrane incorporation of [68Ga]Ga-DOTA-AeK

will be a prerequisite for thriving dedicated bacteria-specific imaging. Plausibly, 68Ga-DOTA

functionalization of AeK (i.e., a necessary replacement of the NBD entity) made the resulting

molecule lose valuable functionality for the PG recycling pathway by hindering active

membrane transportation. Addressing such a shortcoming, the approach for future studies will

focus on preserving the targeting moiety of AeK tripeptide with minimal structural alterations,

which can be achieved using alternative direct radiolabeling strategies without the need for

radioisotope chelation (e.g., 11C and 18F, or 131/124I). This will include exploration into the diverse

chemical structures of AeK tripeptide and subsequent structure–activity relationship

investigations for the optimization and improvement of biodistribution and specificity.
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ABBREVIATIONS

AeK L-Ala-γ-D-Glu-L-Lys

CFU Colony forming units

CT Computed tomography

DOTA 4,7,10 tetraaza-cyclododecane-N,N′,N″,N‴-tetraacetic acid

E. coli Escherichia coli

HLB Hydrophilic–lipophilic balance

HPLC High-performance liquid chromatography

%ID/g Percentage of injected dose per gram organ

ITLC Instant thin-layer chromatography

IVC Individually ventilated cages

MFI Median fluorescence intensity

MRI Magnetic resonance imaging

NBD N-7-nitro-2,1,3-benzoxadiazol-4-yl

Opp Oligopeptide permease

PBS Phosphate-buffered saline

PET Positron emission tomography

PG Peptidoglycan

Rf Retention factors

Rs Resolution

RCP Radiochemical purity

S. aureus Staphylococcus aureus

SD Standard deviation

SPE Solid-phase extraction

TSB Tryptic soy broth
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UDP-

MurNAc
Uridine diphosphate -N-acetylmuramic acid

VDC Vybrant DyeCycle
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APPENDIX A: SUPPLEMENTARY DATA

4.1 APPENDIX A.1. MATERIAL

4.1.1 General Information

All chemicals and solvents were purchased from Merck (Darmstadt, Germany), Thermo Fisher

Scientific (Waltham, MA, USA), Sigma-Aldrich (St. Louis, MO USA), and Anatech Analytical

Technology (Gauteng, South Africa). The AeK-NBD (509.48 g/mol) and DOTA-AeK (732.79

g/mol) peptides were purchased from GLBiochem (Shanghai, China). All the reagents used were

prepared using ultra-purified water produced in-house by a Simplicity 185 Millipore system

(Merck, Darmstadt, Germany). 68Ga-activity was produced by a SnO2 matrix-based 68Ge/68Ga

generator (iThemba Labs, Cape Town, South Africa) and eluted in 0.6 M hydrochloric acid

(HCI). The eluted radioactivity was routinely measured using a Capintec CRC-25R dose

calibrator (Florham Park, NJ, USA); eluate acidity was determined using MQuant pH indicator

strips (Merck, Darmstadt, Germany). The purity of DOTA-AEK was determined via a Waters

Acquity LC/MS system equipped with a Waters XBridge BEH C18 column (3.5 µm, 100 mm ×

3 mm, 130 Å) at a flow rate of 5 mL/min using a gradient of Acetonitrile 0.1 % formic acid (5–

95 % over 10 min) and Water 0.1 % formic acid. Instant thin layer chromatography (ITLC) using

TLC-Silical gel (TLC-SG)-impregnated paper (Agilent Technologies, Santa Clara, CA, USA) as

the stationary phase was conducted for the analysis of [68Ga]Ga-DOTA-AeK using a Veenstra

VCS-201 multi-channel chromatogram (Veenstra Instruments, Friesland, The Netherlands). The

bacterial strains Escherichia coli (E. coli, ATCC 29213) and Staphylococcus aureus (S. aureus,

ATCC 29213) were provided by the Department of Medical Microbiology, University of

Pretoria, South Africa.
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4.2 APPENDIX A.2. RESULTS

4.2.1 Appendix A.2.1. Testing radioanalytical methods for [68Ga]Ga-DOTA-AeK

quality control

4.2.1.1 HPLC and LC/MS

The chemical purity of DOTA-AeK was determined via C18-reverse-phase HPLC. LC/MS

analysis of DOTA-AEK confirmed that the compound was pure and demonstrated the correct

mass (calculated 732.79 g/mol) with the presence of the following peaks: 733.4 ([M+H]+), 734.4

([M+H]2+), 755.40 ([M+H+Na]+), 756.35 ([M+H+Na]2+), 367.39 (½[M+H]1+), and 368.13

(½[M+H]2) (Figure A1). The chromatogram showed a dominant peak at a retention time of 5.2

min, which was not detected in the run with pure water (Figure A2A)

The radio-HPLC analysis of [68Ga]Ga-DOTA-AeK is shown in Figure A2B, indicating a

retention time of 5.9 min. This peak is clearly separated from the retentions of 68Ga species

eluting at ≤1.5 min. The assay provided an appropriate resolution, >1.5 (i.e., baseline peak

separation), to analyze the radiochemical purity and was able to observe plausible radiolabeled

by-products.
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Figure A1: LC/MS spectrum of DOTA-AeK showing m/z ratios of 733.4 ( [M+H]+), 734.4
([M+H]2+) ,755.40( [M+H+Na]+), 756.35 ([M+H+Na]2+), 367.39 (½[M+H]1+), 368.13
(½[M+H]2).
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A.

B.

Figure A2: Representative analytical HPLC chromatogram of (A) DOTA-AeK with a retention
time of 5.2 min and (B) crude *[68Ga]Ga-DOTA-AeK with retention time 5.9 min.
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4.2.2 ITLC

Radio-ITLC methods A and B were tested to study the fit-for-purpose aspect of the method and

determine the %RCP and %RCY (Figures A3A,B). Both samples demonstrate the confirmed

[68Ga]Ga-DOTA-AeK product acquired during radio-HPLC analysis. Results for Rf and Rs

calculations are displayed in Table A1.

Figure A3: ITLC chromatogram of [68Ga]Ga-DOTA-AeK (top) and [68Ga]GaCl3 (pH 4) (bottom)
using (A) mobile phase A: 0.1M citric acid (pH 5.0) and (B) mobile phase B: 1 M Ammonium
Acetate: Methanol (1:1).
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Table A1: ITLC retention factors and method resolution for [68Ga]Ga-DOTA-AeK

Mobile Phase A Mobile Phase B

[68Ga]Ga-DOTA-AeK
[68Ga]GaCl3

(Ionic + Colloidal)
[68Ga]Ga-DOTA-AeK

[68Ga]GaCl3
(Ionic + Colloidal)

Rf 0.2 0.7 0.7 0.1
Rs 1.6 1.1

Mobile phase A: 0. 1M citric acid (pH 5.0); mobile phase B: 1 M ammonium acetate: methanol
(1:1). Rf: retention factors; Rs: resolution
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4.2.3 Appendix A.2.2. Development of a purification method of [68Ga]Ga-DOTA-AeK

Table A2: Summary of results comparing different purification strategies

Cartridge-
Absorbent

Conditioning

(volume/agent)

Activity
Retention
(%LA)

Wash and Rinse

(volume/agent)

Activity
Retention
(%LA)

Post-wash

Activity Elution
(volume/agent)

Recovery
Efficiency
(%RA)

%RCP

(A) C-18
145 mg

4 mL EtOH + 2 mL
H2O 72.8 1 mL H2O - 1 mL 50 % v/v

EtOH * 37.3 39.9

4 mL EtOH + 2 mL
H2O 92.6 1 mL Saline 60 1 mL 50 % v/v

EtOH** 46.2 11.8

4 mL EtOH + 2 mL
H2O 89.2 1 mL PBS 55.7 1 mL 50 % v/v

EtOH * 41.6 11.9

(B) C-8
145 mg

3 mL EtOH + 3 mL
H2O 83.8 1 mL Saline 32.5 1 mL 100 % v/v

EtOH 19.4 12.6

(C) HBL
200mg

1 mL EtOH + 1 mL
H2O 42.4 1 mL H2O - 1 mL 100 % v/v

EtOH 5.5 11.2

(D) Strata X
100 mg

4 mL EtOH + 2 mL
H2O 63.6 1 mL H2O 7.5 1 mL 100 % v/v

EtOH 6.1 19.7

(A–A) C-18
290 mg

10 mL EtOH + 10 mL
H2O 98.4 1 mL 50 % EtOH

* 35.2 1 mL50 % v/v EtOH
* 29.1 15.3

10 mL EtOH + 10 mL
H2O (n = 9) 99.7 ± 0.2 1 mL PBS 85.8 ± 6.9 1 mL 5 % v/v EtOH

** 60.7 ± 12.7 100

10 mL EtOH + 10 mL
H2O 99.4 0.4 mL H2O 93.8 1 mL 10 % v/v

EtOH * 78.3 39.9
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10 mL EtOH + 10 mL
H2O (n = 6) 99.8 ± 0.1 0.4 mL PBS 94.9 ± 6.2 1 mL 5 % v/v EtOH

** 83.5 ± 7.6 100

All listed purifications were performed once with known %RCP determined by HPLC analysis from crude reaction solution >95 %. %LA) the percentage of
the total loaded radioactivity from the starting radioactivity with LA measure (MBq) on the cartridges after loading step pre and post-wash %EA) the
percentage of the total recovered radioactivity from loaded cartridges radioactivity with EA measured (MBq) after the activity elution from cartridge post-
wash. %RA) percentage of the total retained radioactivity on cartridges from the starting radioactivity with RA measured (MBq) after the activity elution
(recovery) step. A A) tandem setup where cartridges were connected back-to-back. *) in water; **) PBS (pH7.4).
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4.2.4 Appendix A.2.3. Confocal imaging

Figure A4: Representative confocal images of live E. coli and S. aureus cells labeled with NBD-
AeK (green) and counterstained with the DNA stain VDC Ruby dye (red).
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4.2.5 Appendix A.2.4. [68Ga]Ga-DOTA-AeK- ex vivo biodistribution

Table A3: Ex vivo organ biodistribution (%ID/g) of [68Ga]Ga-DOTA-AeK in a dual-mice model of
infection (E. coli or S. aureus) and inflammation at Day 3 and 5 post-inoculation.

post-inoculation

E. coli S. aureus

Day3
(n=4)

Day5
(n=4)

*p-
value

Day3
(n=5)

Day5
(n=3)

*p-
value

Brain 0.1 ±0.0 0.2±0.2 0.344 0.1±0.0 0.2±0.0 0.030

Thyroid 1.0±0.7 0.7±0.3 0.497 0.9±0.5 1.9±0.3 0.020

Heart 0.8±0.4 1.6±1.3 0.299 1.2±0.3 3.7±0.5 0.000

Lungs 1.0±0.1 2.0±0.4 0.003 1.8±0.5 3.7±0.5 0.002

Liver 1.1±0.2 1.2±0.4 0.631 1.5±0.5 3.6±1.5 0.024

Spleen 0.7±0.3 0.7±0.1 0.986 1.4±1.6 1.6±0.6 0.801

Pancreas 0.6±0.3 0.8±0.4 0.450 0.7±0.3 2.3±0.2 0.000

Stomach 0.3±0.1 1.3±1.8 0.295 0.7±0.5 1.1±0.4 0.347

Intestines 0.4±0.2 1.1±1.2 0.356 1.2±1.9 1.8±0.8 0.653

Kidneys 3.8±1.6 2.9±0.7 0.374 5.6±3.4 7.0±0.1 0.512

Adipose 0.7±0.1 0.8±0.7 0.459 1.0±0.4 1.9±0.3 0.010

Femur 1.4±1.0 0.9±0.4 0.453 1.2±1.3 2.0±0.2 0.335

Muscle 0.7±0.4 0.6±0.2 0.632 0.4±0.4 1.1±0.5 0.041

Inflammation 0.9±0.0 0.9±0.1 0.987 1.1±0.5 2.6±0.6 0.010

Infection 0.4±0.1 0.4±0.0 0.398 0.8±0.6 0.9±0.3 0.781

Inflammation/muscle 2.0±1.6 1.8±0.8 0.492 7.1±9.9 2.1±0.3 0.064

Infection/muscle 0.8±0.5 0.8±0.3 0.771 3.0±0.2 0.8±0.1 0.559

*Unpaired t-tests were performed for comparison; p < 0.05 were considered statistically significant.
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4.2.6 Appendix A.2.5. Histopathology1

The H&E staining of both E. coli and S. aureus infection sites revealed variably mild to2

moderate inflammatory foci consisting of the infiltration of macrophages, neutrophils, and3

lymphocytes (granulomatous inflammation) (Figure A5A,B). Despite the inflammatory markers4

observed for both E. coli and S. aureus infection, the presence of bacteria intralesionally could5

not be confirmed for both E. coli and S. aureus infection via H&E and Gram staining (Figure6

A5C,D). As previously reported, this might have been due to the heterogeneous low-density7

bacterial distribution and phagocytosis of bacteria by macrophages [53]. As a study limitation,8

bacterial culturing, which is a more sensitive technique for verifying the presence of active9

infection, was not carried out [54].10

11

The tissue responses to turpentine-induced severe intramuscular inflammation were mainly12

characterized by necrosis, edema, and neovascularization, and were similar in all mice at Day 313

and Day 5 post-induction. As expected, no positive bacteria staining was confirmed in the14

inflammation area (Figure A6A,B).15

16
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17

Figure A5: Representative histopathologic analysis of thigh muscular tissue at Day 3 and 5 post-18
inoculations with either (A) E. coli or (B) S. aureus. All the lesions induced by E. coli or S.19
aureus were identical and presented with moderate infiltration of neutrophils, macrophages, and20
lymphocytes (areas marked Infiltr *) within the adipose and striated muscle (StM). The21
corresponding Gram staining sections of (C) E. coli or (D) S. aureus post-inoculation in thigh22
muscular tissue at Days 3 and 5 are shown with no visualization of representative bacterial23
strains.24

25
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26

Figure A6: (A) Representative histopathology analysis of thigh muscular tissue showing27
inflammatory response to sterile turpentine oil injection at Day 3- and 5 post-inoculations. All28
the turpentine-induced tissue lesions were identical and presented with severe necrotic tissue29
areas (Nec) and infiltration of neutrophils and macrophages (area marked Infiltr *) within30
adipose and striated muscle (StM). (B) Corresponding Gram staining sections of thigh muscular31
tissue at Day 3 and 5 post-inoculation with turpentine oil showing the absence of bacterial strains.32

33
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CHAPTER 5GENERAL DISCUSSION AND FUTURE PERSPECTIVE191

Bacteria have demonstrated capabilities to recycle and metabolically incorporate exogenous192

precursors for peptidoglycan synthesis. Interestingly, most peptidoglycan-based radioactive193

precursors reported (as reviewed in Chapter 2) performed remarkably in differentiating between194

infection and inflammation using PET/CT. However, whether they can be useful in a clinical195

setting remains ambiguous. Therefore Chapter 3 comprises of the required systematic analyses196

to assess diagnostic accuracy, and clinical impact of developed radioactive peptidoglycan-based197

precursors that are of interest for infection imaging. A QUADAS analysis revealed that despite198

the marked potential in infection imaging, high background signal reported with most199

radiotracers remains a concern and may affect an efficient translation to routine clinical200

applications because of the risk for false-positive outcomes. As a result, the continuation to201

explore peptidoglycan as a promising cellular target of interest for optimal specificity and202

selectivity is justified. Therefore, developing and validating new radiotracers for more specific203

imaging of infection is a common goal to improve diagnosis and health care in patients. Recently,204

a comprehensive review was published including consensus results, expert opinion and205

recommendations regarding the current research standards aiming to improve radiotracers for206

infection imaging [1, 2]. Based on the inputs, several factors must be considered when207

developing radioactive probes for specific targeting, including the feasibility of synthesizing a208

precursor and/or its analogs, radiosynthesis strategy, and in vitro and in vivo validation strategy209

[3].210

5.1 PRECURSOR DESIGN AND RADIOLABELING STRATEGY211

The variety and types of targets presented on the bacterial cell envelope are often unique and212

therefore vastly different form those expressed in mammalian cells. This uniqueness is often213
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exploited in the development of antibiotics and other therapeutic agents, as targeting these214

bacterial-specific structures can help minimize harm to mammalian cells [4] . Tracking the215

peptidoglycan biosynthesis for bacterial targeting requires periplasmic or intracellular216

metabolism of precursors of interest by a series of enzymes for incorporation into the cell wall217

[5]. Therefore, structural changes such as choice of modification site, molecular size, conjugation218

of radioisotopes, linker length or geometry may affect the metabolic pathway and level of219

compound incorporation [6, 7].220

Goodell [5] and co-workers, used L-Ala-γ-D-Glu-meso-[3H]A2pm to decode the peptidoglycan221

recycling pathway. Using a similar approach, Olrichs et al. [8], fluorescently labeled the222

peptidoglycan using L-Ala-γ-D-Glu-L-Lys-NBD (AeK-NDB). The study further demonstrated223

that the replacement of m-DAP with L-lysine at the 3rd position of the tripeptide did not limit224

intracellular uptake of AeK-NBD necessary for metabolic incorporation into the peptidoglycan.225

This presented as an attractive approach for infection imaging using PET/CT, reported herewith226

for the first time. The radiometal-isotope Ga-68 which requires stable complexation; bifunctional227

chelators such as DOTA and NOTA directly conjugated with AeK to combine an ease of 68Ga-228

activity production (daily supply via a radioisotope generator) with the optimal chemical and229

physical properties of DOTA [3, 9, 10]. In particular Chapter 4 addresses the research required230

to develop a radiobeling and purification strategy for [68Ga]Ga-DOTA-AeK as a potential231

radiotracer for bacterial infection imaging. Although the radiotracer demonstrated the required232

RCP ≥95% and physiochemical properties for an ideal radiotracer, bacterial uptake was233

negligible in both in vitro and in vivo investigations. As previously demonstrated, the234

intracellular uptake of AeK is required for ultimate metabolic integration into the peptidoglycan235

structure [5, 8]. Therefore, the lack of bacterial uptake seen with [68Ga]Ga-DOTA-AeK (733236

g/mol) versus AeK-NBD (509 g/mol) may be attributed to structural modifications with the237

bulkier DOTA chelator, and therefore hindering active transportation across the membrane.238

Based on these findings, an ideal radiolabeling strategy in peptidoglycan biosynthesis targeting239

should preserve both the chemical structure and targeting moiety of the precursor [11]. In this240

case, direct labeling using radioisotopes with non-metallic radioisotopes, including 11C and 18F is241

recommended as it has shown minimal influence on metabolic uptake and incorporating the242

peptidoglycan-based precursors [12-14]. Consequently, these short-lived, radioisotopes can243

present challenges during radiosynthesis, including the use of harsh labeling conditions, which244

often result in unwanted by-products and compromise the stability of the precursor. Therefore,245
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the use of ‘click’ chemistry using different prosthetic groups may be an alternate radiosynthesis246

approach, especially applicable to 18F or 123I, however, this remained almost unexplored in247

comparison to 11C [12, 15-17].248

249

This procedure involves a two-step labeling strategy which requires pre-targeting of the250

peptidoglycan using endocyclic nitrone, alkyne, or azide-modified D-amino acids derivatives251

followed by subsequent visualization with a complementary fluorescent reporter using252

biorthogonal reactions [18, 19]. And is a promising approach for in vivo pre-targeting of253

infections and has been well demonstrated with optical imaging [20].254

255

256

Figure 5- 1: Click chemistry for pre-targeting radiolabeling approach of bacteria using D-azido-257
alanine (cell wall metabolite) followed [18F]-cyclooctyne (PET ‘click’ partner). Reproduced with258
permission fromAlanizi [21]. Copyright, Alanizi, 2021.259

260

Interestingly, the Wilson group pioneered using 18F-labeled click chemistry using the261

peptidoglycan-based targeting azide-modified D-alanine derivative for the first time (Figure 6-1).262

This promising metabolic targeting approach has set a footprint for applying click chemistry in263

PET imaging of infection [21] and beyond.264

265
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It is worth mentioning that the lengthy and complex chemical and chemo-enzymatic procedures266

during the synthesis of peptidoglycan-based precursors leave only little room for structural267

manipulations [22-24]. A plausible solution to mitigate these challenges and fast-track the268

development process requires the use of computational tools such as docking and high-269

throughput screening to create chemical libraries with diverse molecular adaptations that will270

predict how structural, chemical, physical, and physicochemical properties of molecules can alter271

the net cellular uptake through interaction with target enzymes and the pharmacokinetic profiling272

[7, 10, 25-27].273

274

5.2 IN VITRO TESTING275

Further testing of candidate radiotracers should be carried out to investigate the effect of276

precursor modifications and radioisotope on pharmacokinetics and cell wall incorporation. In277

vitro, bacterial uptake studies using the live bacteria cultures versus their heat-inactivated278

cultures were used as a standard approach in the current study and for several of the reviewed279

peptidoglycan precursors. However, uptake does not necessarily prove binding selectivity and280

accurate representation of the peptidoglycan biosynthesis’ status. Therefore, competition studies281

with an unlabeled compound are required as the standard test in most in vitro studies [20]. The282

latter might not be sensitive enough to elucidate the proposed mechanism of integration since283

bacteria can use most precursors, including the D-amino acids and glycan’s, as building blocks in284

other structures (proteins, lipopolysaccharides, teichoic acids, and nucleic acids) or as a source of285

energy [28, 29]. Therefore, using radioisotopes with a long half-life, i.e., 3H or 14C can be very286

beneficial for the in vitro evaluation of various precursors with different structural modifications.287

This setting will require the integration of advanced techniques with high sensitivity such as288

polyacrylamide high-pressure liquid chromatography (HPLC), polyacrylamide gel289

electrophoresis, autoradiography, mass spectrometry, and nuclear magnetic resonance (NMR)290

[24, 30-33]. Once potential derivatives specific to the peptidoglycan metabolism have been291

identified, they should be further tailored towards the conditions required for 18F- or 11C-292

radiosynthesis, followed by in vitro uptake - also using mutated bacterial strains with altered293

enzyme expression that are involved in the metabolic process of interest (as negative controls).294

This can be achieved through genetic manipulation or targeted peptidoglycan inhibitors, such as295

antibiotics [20, 34, 35]. In addition, for specific in vitro tests, the radioactive compounds should296
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also be evaluated using planktonic bacterial cultures, as in the clinical setting, persistent or297

treatment-resistant bacteria are often re-associated within biofilms. This will improve the298

likeliness of translating results from pre-clinical evaluations further into the clinics [36].299

300

5.3 IN VIVO EVALUATION301

Imaging complex infectious processes and discriminating them from sterile inflammation is still302

a challenge in diagnostic imaging [1]. Our results demonstrate significantly higher distribution of303

[68Ga]Ga-DOTA-AeK with the site of sterile muscular inflammation in comparison to the304

infectious foci (p≤0.05); however, as to whether this finding can limit the specificity of AeK as a305

potential infection radiotracer needs to be further explored. The presence of bacterial strains306

could not be confirmed using tissue histopathology despite the signs of inflammatory markers307

indicative of infection. This inconsistency could be due to several factors, including the use of308

non-pathogenic bacterial strains, low number of colonies inoculated, immunocompetent mice, or309

beyond the 24-hr imaging time point chosen post-infection. In addition, absence of viable310

bacteria confirmed using both histopathology and microbiology analyses was mainly to311

attributed to the division of the abscess tissue and heterogeneous bacterial distribution in a312

previous study [37]. To mitigate the problem, all the tissue samples of animals that underwent313

PET imaging were analysed by microbiological culture, which was a limitation in the current314

study.315

316

The variability in the choice of animal model and study design has been observed across317

different studies, which might pose a challenge to data interpretation and reproducibility.318

Therefore, to successfully provide valid preclinical data for clinical translation, the animal model319

should be standardized and ideally reflect the same pathogenesis patterns as the infectious320

disease in humans. Thus, further harmonizing the design and animal study requirements is321

recommended [38, 39]. In addition, it should be considered that targeting bacteria with low322

metabolic activity will probably not render sufficient tracer ‘load’ to allow for its visualization.323

Therefore, the correct window to employ imaging to detect or monitor infection should be324

explored [40]. Of note, antibiotics can also drastically interfere with bacterial cell wall synthesis325

and hamper the uptake of these tracers. Inherently challenging will be detecting infections326
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caused by targeting intracellular bacteria such as Mycobacterium tuberculosis, Salmonella327

typhimurium, Listeria monocytogenes, and Legionella pneumophila [41].328

329

5.4 CONCLUSION AND FUTURE DIRECTIONS330

Enzymatic studies and functional fluorescence-based imaging have shed a bright light on331

peptidoglycan biosynthesis and led to innovative translation of peptidoglycan-based drugs or332

precursors for molecular imaging. However, despite the constant novelty of fluorescence333

imaging, research efforts into developing and translating radiolabeled peptidoglycan precursors334

remains a major undertaking with several limitations. The latter hinges on complex chemical335

procedures involved in synthesizing molecules of interest, which can restrict radiotracer design336

and its adaptation with various modifications. Given the strict peptidoglycan assembly processes337

which is the target for possible incorporation, the described precursors, including the herein338

studied AeK tripeptide, may be limited to radiochemistry involving covalent 18F- or 11C-339

substitution only, i.e., radioactive tagging with short-lived isotopes that requires complex340

chemistry and a cyclotron. As a result, due to progressive limitations and the complexity of the341

involved infrastructure, most research laboratories, may have slowed down investigations into342

furthering development and subsequent clinical translation of such radiotracers for nuclear343

imaging of bacterial infections. Therefore, strategies to address these challenges should include344

technological innovation in molecular biology, organic chemistry, and radiochemistry, which can345

be fostered through solid collaboration and advocating multidisciplinary research.346

347
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Please note the following about your ethics approval:

1. The change of the

title is approved:

New Title: Developing PET Infection Imaging Agent for Visualizing Bacterial Peptidoglycan Assembly

Methodology change (There are challenges with the sourcing and the synthesis of Mycobactin T (MBT)
compound. As a results, no work has been done to date on [68Ga]Ga –MBT and the protocol was
amended to exclude work related to MBT compound.)
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2. Please note that the approved date(s) from the original application certificate / annual

renewal certificate will be applicable to this amendment.

3. Please remember to use your protocol number (435/2020) on any documents or

correspondence with the AEC regarding your research.

4. Please note that the AEC may ask further questions, seek additional information, require

further modification, monitor the conduct of your research, or suspend or withdraw ethics

approval.

5. All incidents must be reported by the PI by email to Ms Marleze Rheeder (AEC
Coordinator) within 3 days, and must be subsequently submitted electronically on the
application system within 14 days.

6. The committee also requests that you record major procedures undertaken during your study

for own- archiving, using any available digital recording system that captures in adequate

quality, as it may be required if the committee needs to evaluate a complaint. However, if the

committee has monitored the procedure previously or if it is generally can be considered

routine, such recording will not be required.

Ethics approval is subject to the following:

• The ethics approval is conditional on the research being conducted as stipulated by the

details of all documents submitted to the Committee. In the event that a further need arises

to change who the investigators are, the methods or any other aspect, such changes must

be submitted as an Amendment for approval by the Committee.

We wish you the best with your research. Yours sincerely

CHAIRMAN: UP-Animal Ethics Committee
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