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Abstract: Aloin, an anthraquinone-C-glycoside found in Aloes, exhibits antimalarial activity; however, 

its development into therapeutic drugs is hindered by its intrinsic chemical instability. Herein, we 

synthesized a novel and stabilized the chitosan-Schiff base of aloin (ALCSB) through superficial Schiff 

condensation of chitosan’s amino groups with 2-chloroquinoline-3-carbaldehyde. The aloin was 

extracted from Aloe barbadensis leaf latex, identified, and quantified using high-performance liquid 

chromatography with an authentic standard. The synthesized ALCSB was characterized using 

ultraviolet-visible spectroscopy, which showed distinct absorption bands between 258 nm and 368 nm, 

indicating successful structural modification. These were supported by Fourier-transform infrared 

spectroscopy analysis revealing characteristic shifts and new bands corresponding to imine and 

carbonyl functional groups. Scanning electron micrographs depicted a smoother morphology for 

ALCSB compared to the rugged structure of raw aloin, while thermogravimetric analysis demonstrated 

enhanced thermal stability of ALCSB compared to aloin and the chitosan-Schiff base. In antimalarial 

efficacy tests against Plasmodium berghei NK65-infected mice, all the doses of ALCSB significantly 

inhibited parasitemia when compared with the control and the aqueous extract (P<0.05). The highest 

ALCSB dose tested (1000 mg/kg) had the highest parasitemia suppression of 79.73%. Both aloin and 

ALCSB had a median lethal dose of 1,103 mg/kg, although 11% of the mice administered with aloin at 

2,000 mg/kg died within the first 6 h, indicating that it was more toxic. Thus, the derivatization of aloin 

using the chitosan-Schiff base enhanced its antimalarial efficacy while reducing the toxicity.  
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1. Introduction 

Malaria, a mosquito-borne disease, has remained a major public health scourge and 

development challenge. In 2020, there were 241 million malaria cases globally, 627000 of 

which resulted in death [1]. About 95% of these malarial deaths were in 31 countries. However, 

Africa has the highest malaria burden. In 2019 alone, the continent recorded 94% of the 194 

million new malaria cases and 410000 deaths [2]. Malaria is one of the leading preventable 

causes of morbidity and mortality, but its management remains challenging due to pathogenic 

resistance to the currently available drugs. In addition, there are several side effects associated 

with the use of antimalarial drugs [3]. Thus, herbal remedies have been used in malaria 

prevention and treatment by indigenous communities worldwide [4, 5]. 

Aloe barbadensis Miller (A. barbadensis henceforth) is one of the 286 medicinal florae 

used for antimalarial therapy in rural Kenya [5-7]. In Uganda [8] and India [9], this species has 

also been cited for treatment of malaria. However, the antimalarial efficacy of A. barbadensis 

parts has not been exhaustively investigated [5, 9]. Aloin (Figure 1) is the phytochemical in A. 

barbadensis, which confers antimalarial activity upon it [9]. However, it is variable among 

species in the Aloe genus depending on the growing conditions of the plants [10, 11]. Recently, 

we reported on the intraspecific variation of the phytoconstituents, total polyphenolic content, 

antioxidant activity, and aloin content of A. barbadensis leaves across Kenya [11, 12].  

 

Figure 1. Chemical structure of aloin. 

In continuity, the antimalarial efficacy and acute toxicity of A. barbadensis leaf extract, 

aloin (a 4-hydroxycinnamic acid-based compound), and a synthesized chitosan-Schiff base 

derivative of aloin isolated from this species were investigated. It was hypothesized that the 

derivatization of aloin using a chitosan-Schiff base derivative incorporated with 2-

chloroquinoline-3-carbaldehyde could improve its stability and enhance its antimalarial effect. 

Chitosan is a copolymer of β-(1 → 4)-2-acetamido-d-glucose and β-(1 → 4)-2-amino-d-

glucose obtained from deacetylated chitin found in fungal cell walls, crustacean shells, and 

insect exoskeletons. The amino polysaccharide (chitosan) is the second most abundant natural 

polymer after cellulose. It is an alkaline cationic copolymer that is biodegradable, hemostatic, 

mucoadhesive, and biocompatible with versatile bioactivities such as antimicrobial, 

antidiabetic, antiviral, anti-inflammatory, and antioxidant activities [13-15]. The chitosan-

Schiff base derivative tested in the present study was obtained through superficial Schiff 

condensation of chitosan’s amino groups with 2-chloroquinoline-3-carbaldehyde. 

Quinolines, quinazolines, and their derivatives, such as 2-chloroquinoline-3-

carbaldehyde proposed to be used in the present study, have distinct moieties, can be isolated 

from natural products, and are also available as manufactured heterocyclic compounds [14]. 

Drugs with quinoline skeletons (such as chloroquine, quinine, and mefloquine) are so far the 

best-known chemotherapeutic armory against malaria, and several derivatives of these 

molecules have been synthesized (through grafting, crosslinking, quaternization, and Schiff 
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base formation) in response to the upsurge in pathogenic resistance [15-17]. There is no report 

to date on the antiplasmodial activity of aloin chitosan-Schiff base scaffolds, and this study, for 

the first time, characterized and assessed the antimalarial efficacy and acute toxicity of a novel 

aloin chitosan-Schiff base scaffold. 

2. Materials and Methods 

2.1. Chemicals and reagents. 

All the chemicals and reagents used were of analytical grade and were used without 

further purification. Aloin standard and 2-chloroquinoline-3-carbaldehyde were from Sigma 

Aldrich, Germany. The other reagents were obtained from Merck, Darmstadt, Germany. These 

were supplied through Centrihex Limited, Nairobi, Kenya. 

2.2. Plant materials, extraction, and isolation of aloin. 

Fresh A. barbadensis leaves were sampled in June 2021 from wild plants in Baringo 

County, Kenya (0o18’59.3’’N 35o20’05.6”E). The extraction of phytochemicals from the latex 

and gels followed the protocol used by Sánchez-Machado et al. [10], with some specific 

modifications [11, 12]. The crude extracts thus obtained were kept at 4°C in a refrigerator until 

the commencement of analysis.  

We attempted to isolate aloin following the precipitation method, but unexpectedly low 

yields were obtained. Thus, preparative thin-layer chromatography [18] was used. The exact 

procedures, including quantification of aloin with an authentic standard, were described in our 

previous study [11]. The retention factor of isolated aloin used in the synthesis (0.71) was close 

to that of the authentic standard (0.85). Based on high-performance liquid chromatography 

results, aloin from the latex had the best purity (83.79%), and it was the one used in the 

synthesis of the novel aloin chitosan- Schiff base scaffold.  

2.3. Chemical modification of aloin. 

Chitosan (0.13 g) was weighed out on a micro-analytical balance (RADWAG MYA 

21.4Y.P PLUS, Rose Scientific Inc., USA). It was dissolved in a 2% acetic acid solution (20 

ml) and thereafter filtered through a 0.45 μm-nylon membrane [14]. Measured 0.232 mg of 2-

chloroquinoline-3-carbaldehyde was dissolved in 6 ml of ethanol. After complete dissolution, 

5 ml of the dissolved 2-chloroquinoline-3-carbaldehyde was added to 10 ml of ethanol to make 

a volume of 15 ml. The two solutions (15 ml of chitosan and 15 ml of 2-chloroquinoline-3-

carbaldehyde) were mixed and refluxed at 50°C with intermittent stirring for 6 h. The chitosan 

Schiff base (deep yellow gel) formed was precipitated using an excess 5% sodium hydroxide 

solution, filtered, and repeatedly washed with distilled water and ethanol to rid it of any 2-

chloroquinoline-3-carbaldehyde that remained in solution. The resultant product was refiltered 

and oven-dried at 60°C. 

A 0.4 mg of the synthesized yellow chitosan-Schiff base (CSB) powder was added to 

0.4 mg of isolated aloin and refluxed for 3 to 6 h. Thereafter, it was concentrated by rotary 

evaporation and subsequently oven-dried at 35°C to obtain a yellow aloin chitosan-Schiff base 

derivative (ALCSB) powder. 
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2.4. Characterization of aloin, CSB, and ALCSB.  

Prepared 10% (w/v) solutions of the isolated aloin, CSB, and ALCSB in methanol were 

filtered and thereafter scanned from 200 nm to 800 nm on a single beam ultraviolet-visible 

Beckman DU 720 UV-Vis Spectrophotometer [19]. Attenuated total reflectance Fourier-

transform infrared spectroscopy (ATR-FTIR) analysis of aloin, CSB, and ALCSB was 

conducted using Buck Scientific 530 FTIR spectrometer (Buck Scientific Instruments LLC, 

Norwalk, CT, USA) at a resolution of 3 cm−1 from 4000 to 400 cm−1. The surface morphology 

of aloin, CSB, and ALCSB were micrographed using an FEI Quanta 250 FEG scanning 

electron microscope (Thermo Fisher Scientific,  Waltham, MA, USA). On the other hand, 

thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) analysis of 

aloin, CSB, and ALCSB was done using a Simultaneous Thermal Analyzer at 20-800°C under 

nitrogen at flow and heating rates of 20 mL/min and 10°C/min, respectively [20]. 

2.5. Assessment of antimalarial efficacy of A. barbadensis extract and ALCSB. 

Male and female Swiss albino mice weighing 18-20 g were kept under a 12-hour 

light/dark cycle with free access to water and feeds and acclimatized for two weeks in cages. 

They were kept at the Animal Facility Laboratory, Mbarara University of Science and 

Technology, Uganda, following the Principles of Laboratory Animal Care (NIH Publication 

No. 85-23) [21, 22].  

Plasmodium berghei NK65 (P. berghei) parasites were activated as per Ajayi et al. [22]. 

We used Peter’s four-day suppressive test against chloroquine-sensitive P. berghei infection. 

Thirty-six (36) mice were randomly divided into nine groups of four each. Group I received 

distilled water as a negative control; groups II, III, and IV were treated with an aqueous extract; 

groups V, VI, and VII received ALCSB at 250, 500, and 1000 mg/kg/day, respectively; and 

groups VIII and XI (positive controls) were given chloroquine at 10 and 4 mg/kg/day, 

respectively. Due to low yields, aloin was excluded from testing and prioritized for stability 

and acute toxicity studies. Treatments were administered orally for four consecutive days, 

starting 3 hours post-infection. Parasitemia levels were measured on day 5 using Giemsa-

stained blood smears, with percentage chemosuppression calculated from parasitized red blood 

cell counts in eight random fields at ×1000 magnification [22].  

2.6. Acute oral toxicity test. 

Acute oral toxicity test followed the OECD guideline 425 [23] reported by Nureye et 

al. [24]. Briefly, female Swiss albino mice (fasted for 3 h and weighed) were administered 

increasing doses (17.5, 55, 175, 550, and 200 mg/kg bw) of the extract and ALCSB via oral 

gavage and further fasted for 2 h. The first mouse was observed for 30 minutes and thereafter 

at 4h-intervals for 1 day [24]. As neither changes in animal behavior nor mortality were 

recorded, four mice were administered the same dose, and they were observed for any potential 

toxicity signs for 14 days. 

2.7. Statistical analysis. 

Quantitative data from experimental replications was checked for normality using the 

Shapiro-Wilk test. All the data from experimental groups were included in the analysis. Data 

was subjected to One-Way Analysis of Variance (ANOVA) with the Tukey post hoc test (at 
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P<0.05) to establish any significant differences among the means. The analyses and data 

visualizations proceeded in Origin Pro 2025a (OriginLab Corporation, Northampton, MA). 

3. Results  

3.1. Aloin content of A. barbadensis leaves. 

The leaves had yields of 60.8% and 47.0% for the latex and gel, with corresponding 

aloin contents of 198.4±2.0 mg/g and 0.36±0.01 mg/g. Figure 2 shows the peaks obtained for 

the standard aloin (retention time = 13.589 minutes) and isolated aloin from the gel and latex 

extracts of A. barbadensis leaves (with retention times of 13.7 and 13.6 minutes, respectively). 

 
Figure 2. High-performance liquid chromatogram of aloin isolates from A. barbadensis leaves. Red dotted lines 

indicate the characteristic peaks for Aloin. 

3.2. Synthesis and characterization of CSB and ALCSB. 

Due to its instability, only aloin from the latex was modified using a Chitosan-Schiff 

base. The novel ALCSB scaffold was obtained through Schiff condensation of chitosan’s 

amino groups and 2-chloroquinoline-3-carbaldehyde (Figure 3) [14]. One of the factors that is 

considered critical in syntheses involving chitosan is the degree of deacetylation, as it can 

directly impact the properties and applications of the chitosan derivative. For this study, some 

analytical techniques were used to establish whether modification of the neat chitosan to CSB 

and then ALCSB occurred.  

The UV-Vis absorption wavelengths of aloin, CSB, and ALCSB were recorded (Figure 

4). The CSB imine group showed bands with maximum absorption peaks at 285-374 nm. That 

of ALCSB occurred between 258 nm and 368 nm, while aloin had its absorption between 263 

nm and 307 nm. Thus, saturated groups never exhibited strong absorption in the UV region. 

On the other hand, the FTIR spectra of CSB and ALCSB (Table 1) had similar bands but could 

be distinguishable by some differences in the observed intensities (for example, at 3667 cm-1). 

Some weak bands were also present at 2936 and 2983 cm-1. In ALCSB, new bands appeared 

between 1753 and 1765 cm-1, whereas some absorption bands were also present at 1602, 1660, 

and 1590 cm-1. 
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Figure 3. Proposed pathway for the synthesis of the aloin chitosan Schiff base and derivative (ALCSB), 

chitosan, and the Schiff base, 2-chloroquinoline-3-carbaldehyde. 

 

Figure 4. Maximum UV-Vis absorption wavelengths of isolated aloin, chitosan Schiff base, and alo-in-chitosan 

Schiff base derivative. ALCSB = aloin chitosan-Schiff base, and CSB = chitosan-Schiff base. 

Table 1. ATR-FTIR functional group assignments for Aloin, CSB, and ALCSB. 

Sample 

Functional group and wavenumbers (cm–1) 

O–H/N–H 

(Stretching) 

C=N 

(Stretching) 
C–N 

C–H (Asymmetric 

or symmetric) 

C–H 

(Stretching) 

C=C 

(Aromatic) 

C=O/NH 

(Amides) 
Phenol 

C–O 

stretch 

Aloin 3622 − − 2907 2712 1304 1661 3293 1039 

Chitosan 3665 1384 2353 2964 2884 1320 1679 3593 1083 

CSB − 1393 2346 2936 2843 1347 1757 − 1115 

ALCSB 3667 1405 2171 2983 2878 1660 1765 3652 
1150, 

1045 

The UV-Vis and FTIR results pertaining to the synthesis of CSB and ALCSB were 

supported by scanning electron micrographs. Figures 5a and 5d show a photomicrograph of the 

isolated aloin from A. barbadensis leaf gel, which was characterized by an irregular rugged 

cell wall structure as compared with the fibrous and rough structure of CSB (Figures 4b and 

4e) and smooth textures observed in ALCSB (Figure 5c and 5f).  

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

240

260

280

300

320

340

360

380

W
a

v
e
le

n
g

th
 (

n
m

)

Absorption

Aloin

ALCSB

CSB

https://doi.org/10.33263/LIANBS143.194
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS143.194 

 https://nanobioletters.com/ 7 of 15 

 

 
Figure 5. Scanning electron micrographs of (a) and (d) aloin; (b) and (e) chitosan Schiff base; (c) and (f) aloin-

chitosan Schiff base derivative. 

The thermal stability of aloin, CSB, and ALCSB expressed in terms of weight loss 

(Δw), and thermal degradation temperatures were further established, and the derivative 

thermogravimetry (DTG) curves (Figure 6) indicated that there were four different steps of 

mass losses.  

  

 
Figure 6. Thermogravimetric curves of (a) aloin; (b) chitosan-Schiff base; (c) aloin chitosan-Schiff base 

derivative (ALCSB). 

https://doi.org/10.33263/LIANBS143.194
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS143.194 

 https://nanobioletters.com/ 8 of 15 

 

The first step had 60.2℃ and 102.4℃, 61.2℃and 148.3℃, 62.3℃and 143.6℃ for 

aloin, CSB, and ALCSB, respectively. The second step is observed at temperatures between 

173.5℃ to 291.5℃, 188.6℃ to 302.3℃, and 143.6℃ to 214.5℃, respectively. The third 

step occurred at temperatures of 341.5℃ to 726.4℃, 355.0℃ to 751.3℃, and 347.3℃ to 

752.2℃, respectively. 

The DTG curves agreed with the TGA curves. Aloin, CSB, and ALCSB showed four 

distinct transition steps of weight loss. The first weight loss occurred at 69.2℃ to 129.5℃, 

68.3℃ to 130.5℃ and 129.3℃ to 147.4℃, while the second step transition was evidenced 

at 173.5℃, 245.5℃, 360.9℃; 174.6℃, 244.9℃ and 176.4℃, 245.8℃. The third step is 

visible at 369.9℃, 363.2℃, and 245.8℃, 356.1℃ for aloin, CSB, and ALCSB, respectively. 

Loss of weight during the fourth transition step occurred at 450.6℃, 547.4℃, 726.4℃; 

466.3℃, 589℃ and 460.4℃, and 524.7℃. Overall, the total weight losses during the 

transitions followed the order: aloin (20.42%) > ALCSB (19.24%) > CSB (18.96%). 

3.3. In vivo antimalarial efficacy test results. 

Aqueous extract of A. barbadensis leaves elicited a dose-dependent parasite reduction. 

On day 5 (at 250 mg/kg), there was an 8.75% parasite load reduction that differed significantly 

(P<0.05) from the negative control group with 9.99% P. berghei parasitemia which further 

reduced to 5.70% at 1000 mg/kg (Figure 7). The extract showed better activity on day 5 with 

5.95% and 4.30% parasitemia reduction at 250 mg/kg and 1000 mg/kg, respectively. There was 

a significant reduction of parasitemia level from that of negative control (16.89%) on day 7 

post-inoculation with 8.99%, 8.53%, and 8.86% parasitemia reduction at 250 mg/kg, 500 

mg/kg, and 1000 mg/kg, respectively while ALCSB showed higher parasitemia reduction of 

8.87%, 5.81% and 3.99% at the same doses. 

On day 5, A. barbadensis leaf extract showed chemosuppressive activity of 12.90 to 

42.02% at 250 to 1000 mg/kg (Figure 8). However, ALCSB showed chemosuppression of 42% 

to 56.92% at 250 to 1000 mg/kg. There was a dose-dependent activity of ALCSB on day 7 with 

79.7% activity at 1000 mg/kg in mice, although the activity significantly differed from those 

of the positive control group (P<0.01). A. barbadensis leaf extract activity was 55.7% at 500 

mg/kg.  

 
Figure 7. Parasitemia levels of P. berghei-infected mice dosed with A. barbadensis aqueous leaf extract (AQ) 

and ALCSB at 250 to 1000 mg/kg. NC = Negative Control, CQ = chloroquine. Bars represent standard errors of 

quadruplicates. Different alphabetical letters for a given day across groups indicate statistical significance at 

P<0.05 (One-Way ANOVA). 
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Figure 8. Chemosuppressive activities of A. barbadensis leaf extract (AQ) and modified aloin (ALCSB) on P. 

berghei NK65 at 250 to 1000 mg/kg.  CQ = chloroquine. The extract showed no chemosuppressive activity at 

250 mg/kg. Bars represent standard errors of quadruplicates. Different alphabetical letters for a given day across 

groups indicate statistical significance at P<0.01 (One-Way ANOVA). 

3.4. Acute toxicity results.  

Based on the OECD guidelines, observations were a must during the first 30 minutes 

on the first day. They were then observed closely for the first 4 hours of each of the following 

days, individually in their respective cages. Signs of toxicity observed in these cases included 

increased motor activity, tremors, decreased motor activity, dosing, and sleeping. Both aloin 

and ALCSB had a median lethal dose of 1,103 mg/kg, although 11% of the mice administered 

with aloin at 2,000 mg/kg died within the first 6 h, indicating that it was more toxic. 

4. Discussion 

4..1. Characterization of aloin, CSB, and ALCSB. 

The amino group of chitosan is more reactive than its hydroxyl groups. Thus, the 

acylation reaction proceeds preferentially on the amino group (Figure 3). In UV-Vis 

spectroscopy, molecules with unsaturated centers undergo n to π* and π to π* transitions; these 

transitions involve lesser energies and thus occur at longer wavelengths than transitions to σ* 

anti-bonding orbitals spectroscopy at various concentrations, monitoring the changes in the π*– 

π* and n– π* transitions [25]. In comparison to a previous report [18], the wavelengths (274 

and 300 nm) obtained for aloin in this study (Figure 4) are close to 271 and 299 nm reported 

for aloin A/aloin B. This is confirmatory that the isolate was aloin. 

The ATR-FTIR spectra of CSB and ALCSB illustrated typical bands for 

polysaccharides. For example, bands spanning from 3200 to 3400 cm−1 are typical of hydroxyl 

and amine groups [14, 26]. However, they were distinguishable by some differences in the 

intensity of the bands. The intensity of bands around 3667 cm-1 in ALCSB was assigned to OH 

stretching frequency. This was broad and absent in CSB [20]. The weak intensity of the band 

attributed to the C–H group asymmetric and asymmetric stretching bands (2936 and 2983 cm-

1) could also be observed in CSB and ALCSB, respectively. New bands in the region of 1757 

and 1765 cm-1 appeared in CSB and ALCSB, corresponding to C–O stretching vibration of 

carbonyl products. These indicated a shift from 1661.4 and 1679.9 cm-1 observed in aloin and 

chitosan. The absorption at 1602 cm-1 and 1660 cm-1, and 1590 cm-1 were assigned to C=N 
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vibration of imino/amide) products individually. Absorption at 1463, 1474 and 1404 cm-1 are 

due to non-symmetric and symmetric CH2 bending, respectively. A band at 1393 cm-1 was 

attributed to (-CH3) trimethyl multiplet compounds, and 1347 and 1335 cm-1 were assigned to 

C-H bend methylene compounds. Vibration bands at 1115 cm-1 and 1196, 1150 cm -1 were 

assigned to tertiary C-N stretch. Vibrations due to non-symmetric C–O–C stretching vibration 

could be observed. The strong absorption at 1045 cm-1 was dominated by the glycosidic linkage 

(C–O–C) stretching vibration contribution for ALCSB [20, 26, 27]. These fingerprint data 

confirmed that the synthesis of CSB and ALCSB was successful because the individual wave 

numbers in the initial aloin and chitosan were observed to have shifted in the synthesized 

compounds. For CSB, the data were in good agreement with those reported by Haj et al. [14]. 

For scanning electron microscopy results, the aloin surface was characterized by an 

irregular, rugged cell wall structure as compared with the fibrous and rough structure of CSB 

and smooth surfaces observed in ALCSB (Figure 5). Clearly, modification of the aloin with 

the CSB led to the formation of an irregular but more or less smooth morphology, which 

indicated the incorporation of the CSB into the aloin matrix to form the ALCSB [26, 28, 29].  

The TGA and DTG curves for aloin, CSB, and ALCSB indicated that the first step of 

mass loss was ascribed to bound and free water [30-32]. The second step, which resulted in the 

maximum residual weight loss percentage, could be attributed to organic matter degradation 

[26, 33]. The third step occurred at temperatures of 341.5℃ to 752.2℃ for aloin, CSB, and 

ALCSB, respectively. Previous studies cited that at temperatures ranging between 290°C to 

320°C, weight loss is related to the loss of major constituents with higher cross-links [32, 34]. 

Taken together, the order of the total weight losses during the transitions (aloin > ALCSB> 

CSB) suggests that ALCSB is more stable than aloin, possibly due to polymer-polymer 

interactions [30, 35]. 

4.2. Antimalarial efficacy results. 

The in vivo antimalarial effect of the tested natural products was classified as follows: 

(a) at 1000 mg/kg, the antimalarial activity was considered to be moderate when the percentage 

growth inhibition was higher than 50%; otherwise, they were deemed inactive, (b) at 500 

mg/kg, percent growth inhibition around 50% indicates moderate antimalarial activity, and (c) 

at 250 mg/kg, antimalarial activity was considered good if the growth inhibition was equal or 

greater than 50% [36]. 

Efficacy results for the extract in this study showed percentage inhibitions of 30.5%, 

42.0%, and 40.5% for three doses (250, 500, and 1000 mg/kg, respectively) which indicated 

no activity because they were below 50% at day 5. On day 7, however, there were good and 

moderate activities (51.6%, 55%, and 65%) for 250, 500, and 100 mg/kg of the extract, 

respectively. ALCSB showed moderate activity at 1000 mg/kg only, while at day 7, all the 

doses were active, and their activity was higher than that of the extract. Considering bioactive 

molecules, a compound is considered an active antimalarial agent when it causes parasitemia 

suppression of 30% or more [37]. A previous study [9] reported half effective concentration 

(EC50 value) of 67.0 μg/mL and 22.0 μg/mL for antiplasmodial activity of isolated aloin and 

aloe-emodin from A. barbadensis against a chloroquine-sensitive strain of P. falciparum 

(MRC-2). In contrast with preceding reports on other Aloe species, an IC50 value of 169.76 

μg/mL for Aloin was reported against the chloroquine-sensitive 3D7 strain [38]. Recently, the 

leaf latex extract of Aloe megalacantha at 100, 200, and 400 mg/kg also had 30.3%, 43.4%, 

and 56.4% suppression of the parasite growth [39]. Similarly, leaf latexes of Aloe citrina and 
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Aloe pulcherrima had maximum parasite suppressions of 60.59% and 38.2% , respectively. 

[40, 41]. All in all, ALCSB exhibited significant antimalarial activity (P<0.05), supporting that 

the sites that were created by the chemical modification enhanced this bioactivity. 

The mechanism of action of aloin (an anthraquinone-C-glycoside) on Plasmodium 

species is not clearly understood. However, compounds with anthraquinone moiety may elicit 

antiplasmodial activity by inducing free radical formation in the parasite’s biological systems 

[42] and intercalation with parasite DNA due to their cyclic planar structures [18]. Both 

hydroxyl (OH) and amino (NH2) groups of chitosan are known to be the key active functional 

groups for its antioxidant activity and have been reported to inhibit reactive oxygen species 

(ROS) from donating hydrogen or lone pairs of electrons [17]. Schiff bases of heterocyclic 

rings with azomethine linkage, such as 2-chloroquinoline-3-carbaldehyde used in this study, 

are also reported to be excellent radical scavengers [43]. In addition, quinolines have a direct 

effect on erythrocytic schizonts (hematoschizotropic action) of Plasmodium species [44]. Such 

a combination of different possible mechanisms of action may have led to the observed 

enhancement in antimalarial activity. Taken together, it could be indicated that the presence of 

both chitosan and the Schiff base enhanced the antimalarial effect of the ALCSB. 

4.3. Acute toxicity results. 

In toxicity studies, none of the test mice died or showed major toxicity signs within 24 

h and the next 14 days after being treated, except for those that received 2,000 mg/kg dosage. 

For aloin, the mice died within the first 6 h, which indicated that it was more toxic than the 

modified aloin, though all the two had LD50 values of 1,103 mg/kg (at P<0.05). Based on the 

OECD guideline and the analysis made, which shows that the calculated LD50 of ALCSB is 

within the 95% confidence interval, the ALCSB is safe. Aloe Science Council standard 

suggests that the maximum allowable from the published literature aloin is found to be unsafe. 

A preceding study reported that minor signs of toxicity, such as hair erection and diarrhea, were 

observed in some experimental mice that received aloin isolated from Aloe percrassa at 2,000 

mg/kg and 5,000 mg/kg [18]. Similar observations were made where no toxicity signs such as 

lacrimation, hair erection, and reduction in motor and feeding activities after administration of 

1,500 kg/mg and 3,000 mg/kg of Aloe debrana leaf extract [45]. These reports support our 

observations in this study. 

Chitosan possesses three types of reactive groups, namely, primary amine, primary, and 

secondary hydroxyl groups at C-2, C-3, and C-6. The primary amine at C-2 is established to be 

the most important group among the three reactive groups for chitosan’s biological activities 

[14]. Chitosan has low toxicity due to its chemical and structural similarity to natural 

glycosaminoglycans [14]. In vivo, chitosan is readily biodegraded into harmless products 

(amino sugars) that can be absorbed into the body [46]. Therefore, its deacetylation and 

subsequent derivatization using the Schiff base and incorporation into aloin could have reduced 

the toxicity of aloin observed in this study. 

5. Conclusions 

This study synthesized an aloin-chitosan Schiff base derivative and evaluated its 

antimalarial efficacy and toxicity along with aloin isolated from A. barbadensis leaves. The 

derivative was successfully synthesized, as depicted by the results of UV-Vis, FTIR, scanning 

electron microscopy, and thermogravimetry. Chemosuppressive studies revealed that the 
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extract inhibited parasitemia growth, lending credence to the traditional use of A. barbadensis 

leaves for malaria treatment in Kenya. It further showed that the derivatization of aloin using 

a chitosan-Schiff base enhanced its antimalarial efficacy while reducing toxicity. Further 

studies should investigate the chemical stability of ALCSB and synthesize and test the efficacy, 

toxicity, and stability of other aloin-chitosan Schiff base derivatives. 
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