Sulphur-Rich Protein Supplementation Reverses Motor Impairment and Muscle Atrophy in a Rat Model of Konzo



ABSTRACT
Background: Konzo is a neurological disorder caused by prolonged consumption of poorly processed bitter cassava, leading to upper motor neuron damage and spastic paralysis. Nutritional deficiency, particularly low sulphur amino acids, exacerbates cyanide toxicity. This study evaluated the effects of bitter cassava and dietary rehabilitation on body weight, motor performance, muscle mass, and cerebral cortex histology in Wistar rats. Methods: Twenty-five female Wistar rats were randomly assigned to five groups (n=5): control, cassava only, cassava + animal feed, cassava + eggshell and brown beans, and eggshell and brown beans only. Rats were fed for four weeks, with body weight measured weekly. Motor function was assessed using the single-pellet reach-to-grasp task. Muscle wet weight (biceps and flexor carpi radialis) was determined post-dissection, and cerebral cortex histology was analyzed using Nissl staining. Data were analyzed with ANOVA and Tukey’s post hoc test (p < 0.05). Results: Cassava-only rats showed weight loss (−2.94%), decreased reach-to-grasp success (46.92 ± 5.07%), and mild muscle atrophy. Dietary supplementation improved outcomes: cassava + animal feed rats gained +9.77% body weight and showed enhanced motor performance (+8.11%), while cassava + eggshell and brown beans rats demonstrated +12.13% improvement in reach-to-grasp and increased muscle mass (biceps: 0.20 ± 0.02 g; flexor carpi radialis: 0.20 ± 0.01 g). Histology revealed disorganized cortical layers, pyknotic pyramidal cells, and chromatolysis in cassava-only rats, whereas amino acid supplementation largely restored cortical cytoarchitecture. Conclusion: Poorly processed bitter cassava induces neurotoxicity, motor deficits, and muscle atrophy in rats. Sulphur amino acid-rich diets mitigate these effects and promote neuronal restoration. Proper cassava processing and dietary protein supplementation are crucial to prevent Konzo.
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INTRODUCTION
Konzo is a distinct neurological disorder characterized by an abrupt onset of symmetrical lower limb weakness and permanent non-progressive spastic paraparesis. This devastating condition is intrinsically linked to chronic dietary consumption of improperly processed bitter cassava (Manihot esculenta Crantz) combined with inadequate protein intake, particularly sulphur-rich amino acids that facilitate cyanide detoxification (Adamolekun, 2010; Nzwalo & Cliff, 2011; Kashala-Abotnes et al., 2019; Okakpu et al., 2024). The disease represents a significant public health burden in tropical regions where cassava serves as a staple food source, particularly in sub-Saharan Africa during periods of drought or food insecurity when diets become disproportionately reliant on cassava with minimal protein supplementation (Kashala-Abotnes et al., 2019; Osman et al., 2025). The neurotoxic mechanism involves cyanogenic glycosides (linamarin and lotaustralin) present in raw cassava, which release cyanide compounds during metabolic processing. These compounds disrupt cellular energy metabolism through cytochrome c oxidase inhibition and induce oxidative stress, ultimately leading to neuronal damage preferentially affecting the upper motor neurons (Newton, 2017; Ndubuisi & Chidiebere, 2018).
The histopathological hallmarks of konzo include demyelination and neurodegeneration primarily in the corticospinal tracts, resulting in the characteristic motor deficits observed clinically. Despite clear epidemiological evidence linking konzo to cassava consumption under protein-deficient conditions, the exact pathophysiological mechanisms remain incompletely characterized, particularly at the cellular and molecular levels (Nzwalo & Cliff, 2011; Kashala-Abotnes et al., 2019; Manalo et al., 2025). Furthermore, while prevention through proper cassava processing methods (soaking, drying, fermentation) is well-established, effective rehabilitation strategies for established konzo remain limited, creating a critical research gap that demands investigation. The permanence of neurological damage once established poses substantial challenges for therapeutic intervention, making identification of potential neuroprotective or rehabilitative approaches a pressing priority.
Current konzo research faces several significant limitations that this study seeks to address. First, while epidemiological studies have clearly established the association between bitter cassava consumption and konzo emergence, mechanistic insights derived from controlled animal models remain relatively scarce, particularly regarding the temporal progression of neuropathological changes following cyanogenic exposure. Second, the potential reversibility of neurological damage through nutritional intervention represents a virtually unexplored domain, despite clinical observations suggesting possible partial recovery with improved overall nutrition. The critical window for effective intervention and the specific nutritional components required for optimal neuronal recovery have not been systematically investigated through appropriately designed experimental studies.
Most existing research has focused primarily on preventative approaches centered on cassava processing methods rather than rehabilitative strategies for established neurological damage. This orientation reflects the public health priority of prevention but neglects the therapeutic needs of individuals already affected by konzo. Furthermore, the experimental models used to study cassava-associated neurotoxicity have varied considerably in their methodology, with insufficient standardization of cassava preparation, administration routes, and outcome measures, complicating cross-study comparisons and meta-analytic approaches. The development of a standardized animal model that faithfully recapitulates the human condition of konzo represents an essential prerequisite for rigorous investigation of both pathophysiology and potential therapeutic interventions.
This study establishes a novel experimental paradigm using Wistar rats to model konzo pathogenesis and evaluate a targeted nutritional rehabilitation strategy. The model incorporates several innovative design elements: (1) oral administration of specially prepared bitter cassava flour to closely mimic human consumption patterns and physiological processing; (2) an extended exposure period to establish stable neurological deficits; and (3) a comprehensive assessment framework incorporating behavioural, histological, and muscular analyses to capture the multifactorial nature of konzo pathology. The rehabilitation approach utilizes a protein-rich supplement composed of eggshell and brown beans, specifically selected for their high content of sulphur-containing amino acids (methionine and cysteine) that serve as essential substrates for the rhodanese-mediated conversion of cyanide to less toxic thiocyanate.
The primary objectives of this investigation are threefold: first, to characterize the neurobehavioral deficits induced by chronic bitter cassava exposure using a standardized reach-to-grasp task and systematic clinical observation; second, to document the associated neurohistological alterations in motor regions through detailed histological examination; and third, to evaluate the potential rehabilitative effects of targeted protein supplementation on functional recovery and neuronal preservation . The study employs a randomized controlled design to isolate the effects of cassava exposure alone versus combined with protein supplementation at different intervention timepoints, enabling analysis of both preventive and rehabilitative potential.
METHODOLOGY
Experimental Animals
Twenty-five female Wistar rats, weighing between 200-250 g, were procured from the Animal House of the Department of Pharmacology, Faculty of Basic Clinical Sciences, University of Port Harcourt. The animals were housed in clean, disinfected wooden cages lined with sawdust bedding and maintained under controlled environmental conditions: a 12-hour light/dark cycle, relative humidity of 50–60%, and a temperature of approximately 30 °C. Prior to the commencement of the experiment, the rats were acclimatized for two weeks with free access to clean water and standard animal feed.
Plant Collection, Identification, and Processing
Bitter cassava roots were collected from the Ministry of Agriculture, Agricultural Development Programme, and identified at the Faculty of Agricultural Science, University of Port Harcourt, Rivers State, Nigeria. Freshly harvested roots were immediately peeled with a knife to remove the brownish outer layer and expose the white inner portion. The peeled roots were then sliced into chips and sun-dried for three consecutive days, after which the dried pieces were ground into a fine powder using a grinding machine and administered to the experimental animals as cassava chow.
For the preparation of the protein food supplement, a mixture of eggshells and brown beans was used. The eggshells were washed, broken into small pieces, and sun-dried for 24 hours. Both the dried eggshells and brown beans were subsequently ground together into a fine powder using a grinding machine. This powder, serving as a sulphur amino acid protein supplement, was administered exclusively to group 4 and the group 5 rats in the experimental design.
Process of Inducing Konzo Disease in Rats
After a two-week acclimatization period of the Wistar rats, fifteen Wistar rats were exclusively and continuously fed with inappropriately processed bitter cassava flour for four weeks to induce Konzo disease and its associated manifestations (Amadi et al., 2022; David et al., 2022). The oral feeding method was adopted to closely mimic real-world consumption patterns, whereby the ingested cassava flour passed through the alimentary canal, beginning from the mouth, through the oesophagus, and into the stomach, thus coming in contact with relevant visceral organs and digestive secretions, including saliva, gastric juices, and potential sublingual or buccal absorption sites.
Rehabilitation of Rats
Following the induction period, the rehabilitation groups (Groups 3 and 4) were withdrawn completely from bitter cassava consumption. Group 3 received standard animal feed, while Group 4 was subsequently fed with eggshell and brown bean supplement. Feeding in both groups was carried out exclusively via oral ingestion.
Experimental design
Twenty-five adults female Wistar rats were randomly assigned into five experimental groups of 5 rats each (n=5) and treatments administered as shown in Table 1.
Table 1. Experimental design
	Group
	Identification
	Treatment Description

	1
	Control
	Administered standard rat feed only for 4 weeks

	2
	Cassava only
	Administered bitter cassava chow (to induce Konzo disease) only for 4 weeks

	3
	Cassava + Animal feed                       
	Administered bitter cassava chow (to induce Konzo disease) + standard rat feed for 4 weeks

	4
	Cassava + Eggshell and Brown beans                                                   
	Administered bitter cassava chow (to induce Konzo disease) + eggshell and brown beans supplement for 4 weeks

	5
	Eggshell and Brown beans only
	Administered Eggshell and brown beans supplement only for 4 weeks



Bitter cassava chow and protein supplements were administered by oral ingestion for four weeks. During this period, animals were weighed weekly using an electronic weighing scale (model no. FA604G), and body weights were recorded. The rats were also observed closely for physical manifestations and clinical signs. The experiment lasted for a total duration of four weeks.
Reach-to-Grasp Task and Food Restriction in Rats
Single-Pellet Reaching Task
To ensure adequate motivation for task performance, food intake was moderately restricted using the least stressful approach possible. Animals were maintained at approximately 85% of their normal body weight, and flavoured food pellets (highly preferred food) were used to further encourage reaching behaviour. The protocol followed Whishaw and Pellis (1990) and Ballermann et al. (2001), with minor modifications.
All rats were housed individually and trained to reach through a 1-cm wide slot to grasp and retrieve food pellets from a tray mounted outside the cage. Pellets were positioned in tray depressions, and after initial training, a partition wall was introduced inside the cage to encourage use of either the left or right paw. Each trial began when a pellet was placed and ended when it was either successfully retrieved, dropped, or knocked away. A trial was scored as a “hit” if the rat successfully brought the pellet to its mouth and as a “miss” if the pellet was dropped or displaced. Trials were automatically scored as a “miss” after five unsuccessful right-paw attempts.
Training and testing sessions were video recorded using a high-speed USB camera for offline analysis. Performance was quantified by manual video scoring by a blinded experimenter, including the number of reach attempts per trial with the left or right paw. Preoperative training was deemed successful when each rat could retrieve and consume the food pellet consistently. Training continued until the success rate reached at least 65%, calculated as:
 (Whishaw et al., 2002).
Histological Tissue Processing
The animals in each group were anesthetized by inhalation of chloroform in a desiccator, after which incisions were made to expose the thoracic and abdominal regions. Once fully exposed, transcardiac perfusion was performed using 10% formal saline, which was injected into the ventricular chamber of the heart. The brain was then carefully harvested and further fixed by immersion in 10% formal saline solution. Coronal sections of the cerebrum were obtained for histological evaluation aimed at assessing neuronal integrity, cytoarchitecture, and possible degenerative changes. The tissue samples were fixed for 48 hours, processed using standard histological techniques, and subsequently stained with Nissl stain to visualize neuronal cell bodies and assess structural alterations.
Methodology of Muscle Dissection and Weight Determination
The method of muscle dissection described by Neetu et al. (2021) was adopted with slight modifications. Following anesthetization, each rat was placed laterally on a dissection board, and a circumferential incision line was marked on the hindlimb (Fig. 1A). A skin incision was made using fine scissors, and the limb was deskinned distally up to the calcaneum to expose the underlying muscle bellies. After separating the skin from the connective tissue, the superficial muscles overlying the gastrocnemius became visible. These superficial muscles were carefully divided and reflected laterally to isolate the gastrocnemius belly (Fig. 1B). Care was taken to avoid deep dissection to prevent nerve injury.
The distal end of the Achilles tendon was separated together with a small piece of the calcaneum. A bone rongeur was used to cut the calcaneum, leaving a small fragment attached to the Achilles tendon. A cotton thread was then tied to the Achilles tendon to facilitate later connection to the force transducer once dissection was complete (Fig. 1C). Throughout the procedure, tissues were kept moist by applying pre-warmed physiological salt solution (37 °C) using a tuberculin syringe. For stabilization, the small cork-based dissection board was mounted vertically on a metal stand using an X-block and rod. The paw was pinned to the board, and the plantaris tendon and soleus were separated by careful blunt dissection. The rat Achilles tendon was found to comprise the tendons of the medial and lateral gastrocnemius, soleus, and plantaris. The proximal flap of the Achilles tendon was elevated closer to its origin to expose the sciatic nerve. Branches of the sciatic nerve not innervating the gastrocnemius were carefully sectioned. Finally, isolated muscles, including the biceps and flexor carpi radialis, were excised and weighed immediately to determine their wet weight.
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Figure 1 (A–D): Steps involved in the dissection of the rat skeletal muscle-nerve preparation (Neetu et al., 2021).
Method of Statistical Analysis
Data were initially exported into Microsoft Excel (2019 edition) for tabulation and graphical presentation. Statistical analysis was carried out using the Statistical Package for Social Sciences (SPSS, IBM version 26.0). Parameters analyzed included body weight changes, and muscle wet weight. All values were expressed as mean ± standard deviation (SD) using descriptive statistics. Group differences were assessed using one-way analysis of variance (ANOVA), and where significant differences were detected, Tukey’s post-hoc test was applied to determine pairwise comparisons between groups. Statistical significance was set at p < 0.05.
Ethical Clearance
The experimental animals were sourced from the Animal House of the Department of Pharmacology, Faculty of Basic Clinical Sciences, University of Port Harcourt. All experimental procedures were conducted in compliance with the guiding principles for research involving animals, as approved by the Research Ethics Committee of the University of Port Harcourt (Approval Reference No.: UPH/CEREMAD/REC/MM80/023). Animals were housed under standard laboratory conditions in metal cages at normal room temperature, with appropriate care provided throughout the study.
RESULTS
Effects of Bitter Cassava and Protein Supplementation on Body Weight of Wistar Rats
Table 2 presents the effects of cassava on the body weight of Wistar rats over four weeks. The body weight changes of Wistar rats over four weeks are presented in Table 2. Rats in the control group showed a slight increase of +2.97% (from 238.72 ± 21.45 g to 245.82 ± 21.05 g), while those fed exclusively with bitter cassava experienced a weight decline of −2.94% (from 245.82 ± 21.05 g to 238.60 ± 40.04 g). In contrast, cassava-fed rats supplemented with animal feed recorded a notable weight gain of +9.77% (from 212.80 ± 86.09 g to 233.60 ± 90.23 g), whereas those supplemented with eggshell and brown beans showed a moderate increase of +3.72% (from 250.00 ± 66.33 g to 259.30 ± 59.38 g). Rats fed exclusively with eggshell and brown beans also demonstrated a sustained weight increase of +4.69% (from 256.00 ± 43.48 g to 268.00 ± 43.61 g). Statistical comparisons indicated that body weights in the cassava + animal feed, cassava + eggshell and brown beans, and eggshell and brown beans groups differed significantly from the control and cassava-only groups (p < 0.05).
Table 2: Effects of Cassava on the body weight of Wistar rats
	Groups
	Week 1
	Week 2
	Week 3
	Week 4
	% Change

	Control
	238.72±21.45 
	245.82±21.05
	245.82±21.05
	245.82±21.05
	+2.97%

	Cassava only
	245.82±21.05
	250.60±50.74
	247.60±51.13
	238.60±40.04
	−2.94%

	Cassava + Animal feed                       
	212.80±86.09*#
	212.80±86.09*#
	212.80±86.09*#
	233.60±90.23
	+9.77%

	Cassava + Eggshell and Brown beans                                                   
	250.00±66.33*
	252.40±59.24 
	257.00±60.06*# 
	259.30±59.38
	+3.72%

	Eggshell and Brown beans only         
	256.00±43.48*#
	259.80±42.43* 
	263.40±42.95# 
	268.00±43.61
	+4.69%


Each value represents mean ± SD, Values marked with asterisk (*) differ significantly from control value (*p < 0.05) while those marked with (#) differ significantly from cassava only group (#p < 0.05)

Reach-to-Grasp Task Performance of Wistar Rats
As shown in Table 3, control rats exhibited a steady improvement in task performance, increasing their success rate from 56.67 ± 6.24% in week 1 to 70.77 ± 1.71% in week 4, corresponding to a +24.88% gain. In contrast, rats fed exclusively with bitter cassava showed a progressive decline from 54.50 ± 6.36% to 46.92 ± 5.07%, representing a −13.91% reduction and significantly lower performance compared to controls (p < 0.05). Supplementation with animal feed in cassava-fed rats improved performance by +8.11% over four weeks, with values significantly higher than the cassava-only group (p < 0.05). Similarly, cassava-fed rats supplemented with eggshell and brown beans demonstrated recovery, with a +12.13% increase from week 1 to week 4, also differing significantly from cassava-only rats (p < 0.05). Rats fed exclusively with eggshell and brown beans maintained the highest and most stable performance, increasing from 66.67 ± 0.00% to 71.67 ± 2.35% (+7.50%), and performing significantly better than the cassava-only group (p < 0.05).

Table 3: Success rate of animals group during Reach-to-Grasp Task
	Groups
	Week 1 (%)
	Week 2 (%)
	Week 3 (%)
	Week 4 (%)
	% Change 

	Control
	56.67±6.24
	69.33±3.43
	70.19±2.96
	70.77±1.71
	+24.88

	Cassava only
	54.50±6.36
	50.09±4.83*
	49.71±4.30
	46.92±5.07*
	−13.91

	Cassava + Animal feed
	61.67±7.07
	63.34±4.72#
	60.00±14.14
	66.67±0.00#
	+8.11

	Cassava + Eggshell and Brown Bean
	55.00±7.07

	68.34±2.35#

	61.67±7.07

	61.67±7.07#


	+12.13

	Eggshell and Brown Bean only
	66.67±0.00
	70.00±0.00#
	70.00±4.71
	71.67±2.35#
	+7.50


Each value represents mean±SD, Values marked with asterisk (*) differ significantly from control value (*p < 0.05) while those marked with (#) differ significantly from cassava only group (#p < 0.05).


Effects of Cassava and Supplementation on Muscle et Weight of Wistar Rats
As presented in Table 4, muscle wet weight varied across the experimental groups. In the control group, biceps and flexor carpi radialis weighed 0.10 ± 0.01 g and 0.06 ± 0.08 g, respectively. Rats fed cassava only showed no notable improvement in biceps weight (0.10 ± 0.02 g) but had a slightly higher flexor carpi radialis mass (0.10 ± 0.03 g). Supplementation with animal feed resulted in increased biceps (0.15 ± 0.01 g) and flexor carpi radialis (0.20 ± 0.03 g) weights compared to both control and cassava-only groups. More marked improvements were observed in cassava + eggshell and brown beans (0.20 ± 0.02 g, 0.20 ± 0.01 g), with significant differences from both control and cassava-only groups (p < 0.05). The highest muscle mass was recorded in the eggshell and brown beans only group (0.20 ± 0.02 g for biceps, 0.30 ± 0.02 g for flexor carpi radialis), also significantly greater than both control and cassava-only groups.

Table 4: Muscle wet weight (g) after dissection compared across the groups
	Groups
	Biceps
	Flexor carpi radialis

	Control
	0.10±0.01
	0.06±0.08

	Cassava only
	0.10±0.02
	0.10±0.03

	Cassava + Animal feed                       
	0.15±0.01
	0.20±0.03

	Cassava + Eggshell and Brown beans 
	0.20±0.02*#
	0.20±0.01

	Eggshell and Brown beans only         
	0.20±0.02*#
	0.30±0.02*#


Each value represents mean ± SD, Values marked with asterisk (*) differ significantly from control value (*p < 0.05) while those marked with (#) differ significantly from cassava only group (#p < 0.05).


Physical manifestations of cassava feeding and effects of dietary rehabilitation
Figure 2 illustrates the observable physical changes in Wistar rats fed cassava and the subsequent recovery following dietary supplementation. During cassava feeding, animals developed noticeable pathological signs including swelling of the legs, particularly on the dorsum of the feet and interphalangeal regions (Panel A, yellow arrow), and hair loss on the back (Panel B, blue arrow), accompanied by generalized body weakness and weight loss. In some cases, swelling of the right jaw and alopecia on the forehead were also observed (Panel C, yellow arrow). Upon rehabilitation with methionine- and cysteine-rich diets (eggshell and brown beans feed), these pathological features gradually resolved. Specifically, there was a reduction of jaw swelling and regrowth of hair on the head (Panels D and E, green arrows), as well as a marked reduction of swelling in the feet (Panel F, yellow arrow).
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Figure 2: Physical manifestations of cassava toxicity and recovery following amino acid-rich dietary supplementation in Wistar rats









Histopathological changes in the cerebral cortex following cassava feeding and dietary interventions
Figure 3 shows representative Nissl-stained photomicrographs of cerebral cortex sections across treatment groups, demonstrating the effects of cassava feeding and dietary rehabilitation. In the control group (Figures 3A–B), the cerebral cortex displayed a normal six-layer architecture comprising the molecular layer (OM), outer granular layer (OG), outer pyramidal layer (OP), inner granular layer (IG), inner pyramidal layer (IP), and pleomorphic layer (PL). At higher magnification, the cortical cytoarchitecture was organized, with clearly visible pyramidal cells (PC), astrocytes (AS), and microglial cells (MC), indicating normal neuronal morphology.
In the cassava-only group (Figures 3A–B), there was clear disruption of cortical organization. The six layers (OM, OG, OP, IG, IP, PL) appeared disorganized, and neuronal degeneration was evident. At ×400 magnification, numerous pyknotic pyramidal cells (PP) and neurocytes with chromatolysis (CH) were observed, along with enlarged perineuronal spaces, reflecting cassava-induced neurotoxicity. In animals treated with cassava plus animal feed (Figures 3 A–B), partial preservation of cortical structure was observed. Although the six cortical layers (OM, OG, OP, IG, IP, PL) could be identified, areas of distortion and disorganization were still present. At higher magnification, some pyramidal cells (PC) appeared preserved, but scattered degenerated pyramidal cells (DPC), disorganized areas (DA), and cortical neurocytes (CN) were noted, suggesting incomplete protection.
In the cassava plus eggshell and brown beans group (Figures 3A–B), cortical histoarchitecture appeared largely restored. The six cortical layers (OM, OG, OP, IG, IP, PL) were clearly defined, similar to control animals. At ×400 magnification, the cytoarchitecture showed normal pyramidal cells (PC), astrocytes (AS), and microglial cells (MC), indicating substantial neuronal protection by the amino acid–rich diet. Finally, in the eggshell and brown beans only group (Figures 3(A–B), the cortex displayed generally preserved layering (OM, OG, OP, IG, IP, PL) but with some regions of distortion and disorganization. At higher magnification, many pyramidal cells (PC) appeared normal, but a few disorganized areas (DA) and regions of cortical gliosis (GS) were also evident, reflecting a protective but not completely restorative effect.
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Figure 3: Photomicrographs of Nissl-stained cerebral cortex of Wistar rats showing treatment effects. (4.12A–B) Control animals: intact six-layer organization (OM, OG, OP, IG, IP, PL) with normal pyramidal cells (PC), astrocytes (AS), and microglial cells (MC). (4.13A–B) Cassava-only group: disorganized cortical layers with pyknotic pyramidal cells (PP), chromatolysis (CH), and enlarged perineuronal spaces. (4.14A–B) Cassava + animal feed: partially preserved layering with degenerated pyramidal cells (DPC), disorganized areas (DA), and cortical neurocytes (CN). (4.15A–B) Cassava + eggshell and brown beans: restored six-layer structure with preserved PC, AS, and MC. (4.16A–B) Eggshell and brown beans only: generally preserved layering with some disorganized areas (DA) and cortical gliosis (GS). 
DISCUSSION
Konzo is a neurological disease linked to chronic consumption of inadequately processed cassava roots containing cyanogenic glycosides. Prolonged exposure to cyanide metabolites results in growth retardation, weight loss, neurological impairment, and in severe cases, mortality due to central nervous system (CNS) damage. This study sought to mimic Konzo disease in an experimental rat model, focusing on its neurotoxic effects on the cerebrum, motor coordination, and skeletal muscle function, while evaluating the potential ameliorative role of protein-rich diets.
In this study, rats in the control group demonstrated progressive weight gain from week 1 to week 4, while the cassava-only group showed progressive weight loss. Conversely, groups fed cassava supplemented with ordinary rat feed or with eggshell and brown beans exhibited weight increases, and the eggshell and brown beans–only group also showed a steady gain. Although the differences were not statistically significant, the direction of change was consistent, as feeding with cassava-only led to weight loss, while supplementation or replacement with protein-rich diets supported weight gain. This finding suggests that poorly processed cassava containing cyanogenic glycosides interferes with normal growth and weight maintenance, likely through its metabolic burden and interference with protein synthesis.  These results align with findings by Egbune et al. (2023), who reported that raw cassava at high cyanogenic glycoside levels caused substantial body weight decline in male albino rats over 60 days. Also, Ebeye (2018) reported reduced weight in animals fed with Garri and tapioca (cassava-derived diets rich in cyanogenic glycosides) compared with controls. Similarly, Enefa et al. (2020) found significant weight reduction in animals fed cassava due to cyanide exposure, while Shama and Wasma (2011) also noted weight reduction in Wistar rats fed unprocessed cassava. In contrast, Rivadeneyra-Domínguez et al. (2020) observed motor impairments in rats fed cassava juice, with only modest weight changes, indicating that functional deficits may appear even before large changes in weight, while David et al. (2022) reported that nutritional supplementation with Complan milk and Bambara nut partially ameliorated cassava-induced weight loss, echoing the rehabilitative effect observed in our protein-rich diet groups. According to those studies, the causes of weight loss are primarily attributed to cyanide-induced impairment of nutrient utilization, reduced feed intake, and interference with energy metabolism. In our study, we believe similar mechanisms are at work. In addition, the supplementation with sulphur-amino acid rich sources (eggshell, brown beans) likely supports detoxification of cyanide, maintains protein synthesis, and helps preserve gut function, thereby reducing weight loss.
Our results showed that rats in the cassava-only group had a progressive decline in success rate on the reach-to-grasp task, a finding that was statistically significant compared with the control group. By contrast, groups fed cassava and animal feed, cassava and combination of eggshell and brown beans, or eggshell and brown beans alone all demonstrated progressive improvements in success rate, with the eggshell and brown beans group showing the most marked recovery. This indicates that cassava-only feeding led to motor dysfunction, likely via damage to the corticospinal tract, while supplementation with protein-rich diets promoted functional recovery. These findings are comparable to Rivadeneyra-Domínguez et al. (2020), who demonstrated that cassava juice causes motor impairments, and that antioxidants or protective agents can mitigate these effects. The review by Osman et al. (2025) also emphasizes that in populations with low dietary protein (especially lacking in sulphur amino acids), neurological symptoms (like those paralleling Konzo) are more common. Rosas-Jarquín et al. (2020) reported similar findings of motor dysfunction in animals fed cassava juice and linamarin, supporting the idea that cyanogenic glycosides impair motor control. Enefa et al. (2020) likewise demonstrated reduced gripping time in cassava-fed rats, while amino acid supplementation improved performance, directly paralleling our results. Prior studies attribute motor dysfunction largely to cyanide neurotoxicity, oxidative stress, mitochondrial dysfunction, and direct damage to the corticospinal tract. In our data, the improvements in supplemented groups suggest that addition of sulphur-amino acid-rich foods may help replenish glutathione or other detoxifying molecules, reduce oxidative damage, and support recovery of neuronal integrity.
Histological analysis revealed that cassava-only rats exhibited pyknotic pyramidal cells (PP), chromatolysis (CH), and enlarged perineural spaces, consistent with neuronal injury. In contrast, rats fed eggshell and brown beans displayed largely preserved pyramidal cells with only minimal disorganization and cortical gliosis, suggesting protective or restorative effects. These findings confirm that cassava-rich diets are neurotoxic, while supplementation with sulphur amino acid–rich foods confer neuroprotection. This is consistent with Egbune et al. (2023), who reported histological damage in reproductive tissues and general organ histology in cassava-fed rats, and also the review by Osman et al. (2025), which highlights evidence of neuronal and brain‐tissue damage in contexts of high cassava/cyanide load. Rivadeneyra-Domínguez et al. (2020) likewise demonstrated histopathological changes in liver and nervous tissues concurrent with functional deficits. Furthermore, Rosas-Jarquín et al. (2019) reported that cassava-fed rats displayed hypertrophy, atrophy, apoptosis, and microgliosis, which are consistent with the degenerative changes seen in our cassava-only group. Similarly, Osuntokun (1970) and Makene & Wilson (1972) linked chronic cassava consumption with neuronal degeneration and clinical Konzo symptoms in humans. The prevailing explanation from prior studies is that cyanogenic glycosides trigger oxidative stress and neuronal degeneration by depleting sulphur amino acids required for detoxification. Our findings support these mechanisms, but adds that protein supplementation, particularly with eggshell and brown beans, may supply critical sulphur amino acids (methionine, cysteine) that facilitate cyanide detoxification and neuronal recovery. The presence of preserved pyramidal cells in the supplemented groups reinforces this hypothesis.

CONCLUSION
This study has shown that poorly processed bitter cassava is neurotoxic and can induce neurodegenerative changes affecting upper motor neurons. Proper processing of cassava can substantially reduce this toxic effect. Furthermore, diets rich in sulfur-containing amino acids demonstrated a protective and restorative role, as evidenced by the regenerative processes observed in the cerebrum of treated rats. Nutritional imbalance may enhance cassava’s toxicity, but restoration is possible if symptoms are detected early and managed appropriately. Given cassava’s status as a staple food in Africa, it should be adequately processed to minimize cyanide, linamarin, and other toxic compounds. In addition, cassava products should be consumed alongside protein-rich diets to help counteract residual toxins and safeguard neurological health. Further research should investigate the molecular pathways of cyanide neurotoxicity and evaluate scalable nutritional interventions to prevent konzo in vulnerable populations.
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