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ABSTRACT 

Background: Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized by cognitive decline, 

memory loss, and impaired daily functioning. In recent years, a growing interest has developed in finding natural and 

dietary interventions for AD. The present study aimed to assess the effects of camel milk on patients with AD. 

Methods: A case-control, hospital-based study design was used for this study. The study was conducted in Al azhar Faculty 

of Medicine, Cario, Egypt between June 2011- June 2012. Patients diagnosed as AD (clinically probable)-according to the 

criteria of the National Institute of Neurological and Communication Disorders and AD and Related Disorders Association 

(NINCDS/AD RDA), with Hachiniski Ischemic Score (HIS)<4 were included in the treatment group. All subjects were 

given the Mini-Mental State Examination (MMSE) to assess cognitive functions. 

Results: A total of 40 participants were included in the study, with 15 (37.5%) participants in the control group and 25 

(62.5%) participants in treatment group. The male and female ratio in the study was 1:1. The mean age in the control group 

was 67±5.06 and 70.7±5.38 in the treatment group. There was a significant difference in serum parameters between the 

control and treatment groups prior to the treatment. After treatment, amyloid beta 42, HSP 90, MDA, nitric oxide, IL-6, 

cholesterol, noradrenaline, and dopamine levels showed a significant decrease (P=0.000 for all). However, GSH, total 

antioxidants, acetylcholine, and serotonin levels were significantly improved after treatment (P=0.000 for all). There was 

a significant increase in MMSE score after treatment (15.28±5.78 vs. 26±9.85; P=0.000). 

Conclusion: The findings of the present study showed that camel’s milk has a significant positive impact on patients with 

AD, regarding improvement in laboratory parameters and cognitive functions. 
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1. INTRODUCTION 

The global prevalence of dementia is on the rise, with approximately 50 million people suffering from this debilitating 

condition. Among these, about two-thirds suffer from Alzheimer’s disease (AD) (1). Some estimates suggest that by 2050, 

the number of people with dementia will rise to 150 million. In low- and middle-income countries, the projected rise is 

expected to be 68% by 2050 (2). AD is a progressive neurodegenerative disorder characterized by cognitive decline, 

memory loss, and impaired daily functioning. The disease was first reported in 1906 by Alois Alzheimer when he found 

amyloid plaques in the brain of a patient who suffered from memory loss prior to his death (3). The pathology of AD is 

multifactorial, involving amyloid-beta (Aβ) plaque deposition, neurofibrillary tangles composed of hyperphosphorylated 

tau protein, oxidative stress, and neuroinflammation. Most of the pathological changes are seen in the hippocampus and 

cerebral cortex region. These changes result in synapse loss and neuronal atrophy (4). The symptoms of AD vary depending 

on the stage of the disease; however, there is continuum of symptoms which ultimately culminate in limiting the 

performance of daily activities of affected individuals. The duration of AD symptoms depends on age, gender, and genetics 

of an individual (5). 

The pathogenesis of AD involves several metabolic and biochemical alterations. Dysregulation of biochemical markers 

such as amyloid-beta (Aβ42) (6), heat shock protein 90 (HSP90) (7), malondialdehyde (MDA), glutathione (GSH), nitric 

oxide (NO) (8), total oxidant status, and interleukin-6 (IL-6) have been implicated in AD (9). Due to the multifactorial  
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pathology of AD, the management of AD is quite complicated. No definitive treatment exists so far and the symptomatic 

treatments remain the main approach in clinical practice. However, research is focused on finding treatments that can slow 

down or halt the progression of the disease. Two categories of drugs including cholinesterase inhibitors and partial N-

methyl D-aspartate (NMDA) antagonists have been approved for the treatment of AD. Due to the lack of available treatment 

options, there has been growing interest in exploring natural and dietary interventions for AD. The interesting aspect of 

these nutraceuticals is that they exert little adverse effects on humans irrespective of their potential benefits. For example, 

olive and its phenolic compounds have demonstrated neuroprotective effects (10). Similarly, curcumin is found in turmeric 

which belongs to ginger family. Turmeric has been used for centuries as a staple of oriental medicine in Indian countries. 

As the prevelance of AD is lower in Indian countries, it is believed that diet rich in curcumin has beneficial effect on AD 

(11). 

Camel milk has also shown potential neuroprotective and therapeutic benefits. The bioactive compounds found in camel 

milk are the main source of its therapeutic effects. Camel’s milk is also enriched with immunoglobulins, lysozyme, 

lactoferrin, and peptidoglycan recognition protein (PGRP) (12). Lactoferrin has antibacterial, antiviral, 

immunomodulatory, and anti-inflammatory properties. Antibodies present in camel milk can provide beneficial effects in 

autoimmune diseases like AD and multiple sclerosis (13). Camel milk has been used in the treatment of autism spectrum 

disorder (ASD), Parkinson’s disease, and AD (14). A study by Khatoon et al. reported that patients treated with camel milk 

demonstrated significant seizure protection including delay in seizure onset, decrease in conclusion duration and mortality 

rates (P≤ 0.001 for all) (15). Camel milk has also been associated with the modulation of biogenic amines (16). 

Oxidative stress has been implicated in the pathology of several diseases including diabetes, atherosclerosis, rheumatoid 

arthritis, and AD (17). Due to the role of oxidative stress in AD, the need for naturally occurring antioxidants in the 

treatment becomes crucial. Currently, there is a paucity of clinical evidence on the efficacy of camel’s milk in the treatment 

of AD and most of the findings are from animal studies. For example, research involving animal models has indicated that 

camel’s milk can improve cognitive function and reduce the levels of amyloid-beta peptides, which are implicated in the 

development of Alzheimer’s pathology (18). Most studies to date have been conducted in animal models, and human 

clinical trials are needed to assess the efficacy and safety of camel’s milk consumption in individuals with AD. Therefore, 

the present study aimed to investigate the potential impact of camel’s milk on patients with AD.  

2. SUBJECTS AND METHODS 

2.1 Study Questions: 

Is there a biochemical profile disturbance in the AD patients? Is there a correlation between these biochemical markers, 

and severity of cognitive function? Could these cognitive functions improve after ingestion of camel milk? 

2.2 Study Design: 

A case-control, hospital based design was used to investigate the current research problem. 

2.3 Study Setting: 

This study was conducted in the Department of Pathology Al azhar Faculty of Medicine, Cario, Egypt 

2.4 Study Sample: 

A total of 80 patients of both sexes were included in our study, diagnosed as AD (clinically probable)-according to the 

criteria of National Institute of Neurological and Communication Disorders and AD and Related Disorders Association 

(NINCDS/AD RDA), with Hachiniski Ischemic Score (HIS)<4 . 30 healthy subjects' age and sex matched served as 

controls.All subjects were screened by medical history, general and neurological examination, electrocardiogram, Magnetic 

resonance imaging (MRI) and laboratory evaluation of serum electrolytes, glucose, renal and hepatic functions, complete 

blood count and thyroid functions studies. All subjects were given the Mini Mental State Examination (MMSE) to assess 

cognitive functions. The assigned scores ranging from 30 (for normal function) down to 5 (in case of severe dementia). 

These assessments were further supported by tests of cognitive function in accord with the Global Deterioration Scale 

(GDS) and the Clinical Dementia Rating (CDR). 

All the AD patients must be fulfilling the following inclusion criteria: 1) Age of patients 60-70 years, 2) Patients were 

divided into 3 groups regarding severity of dementia according to the MMSE. Group I: included mild cases where MMSE 

ranged from 19-23.Group II: included moderate cases ranging from 10-19. Group III: included severe cases with MMSE 

<10. Also, all patients recruited in this study have fulfilled the following specific exclusion criteria: 1) Past or present major 

psychiatric disorders, 2) Neurological diseases other than AD, 3) Serious head trauma, 4) CNS infections, 5) B12 

deficiency, 6) Liver disease, 7) Kidney disease, and 8) Hypoxia. 20 patients start medical treatments for 3 months. After 

three months of treatment they were observed for their cognitive functions by MMSE test and tested for of Aβ42, HSP 90, 
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MDA GSH, Nitric oxide, Total Oxidant, IL6, Cholesterol ,Noradrenalin, Acetylcholine, serotonin and Dopamine . The 

Remaining 20 patients ingest camel milk 200 ml in the morning and 200 ml in the evening for 3 successive months. After 

three months of ingestion of camel milk daily, they were observed for their cognitive functions by MMSE test and tested 

for Aβ42, HSP 90, MDA GSH, Nitric oxide Total Oxidant, IL6, Cholesterol ,Noradrenalin, Acetylcholine, serotonin and 

Dopamine  .        

The controls enrolled in the study have fulfilled the following inclusion criteria: 1) Age 60-70 years, 2) Have no history of 

Neurological diseases or CNS infection, and  3) Result Of MMSE > 23, and 4)  Have fulfilled the same specific exclusion 

criteria used for the patients group. 

2.5 Ethical Consideration: 

The purpose of the study and procedures to be performed were explained to the cases and controls with an oral consent to 

participate in the study were taken accordingly. 

2.6 Laboratory investigations: 

Laboratory examinations were done for the AD cases and controls. Fasting venous blood samples, 10 ml, were taken for 

laboratory examinations. These examinations were Aβ42, HSP 90, MDA GSH, Nitric oxide Total Oxidant, IL6, 

Cholesterol, Noradrenalin, Acetylcholine, serotonin and Dopamine. 

3. RESULTS 

A total of 40 participants were included in the study, with a ratio of 1:1 between males and females. A total of 15 (37.5%) 

participants were included in the control group whereas 25 (62.5%) were included in the patient group (Table 1 and Figure 

1).  

Table 1. Sex distribution between controls and patients 

 

 

Figure 1. Sex distribution between controls and patients 

 

52%48%

Patients

Male

Female

47%53%

Controls

Male

Female

Sex Controls Patients 

Male 7 (46.7 %) 13(52.0 %) 

Female 8 (53.3 %) 12(48.0 %) 

Total  15 (100.0 %) 25 (100.0 %) 
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Table 2 shows the relationship between the control and patient groups. The control group had a mean age of 67±5.06 years, 

whereas the patient group had a slightly higher mean age of 70.7±5.38 years. The difference between the two groups was 

statistically significant (P=0.038). 

Table 2. Relation between the age of the controls and patients 

 Mean±SD t- test value P- value 

Age (control) 67±5.06 
2.146 0.038 

Age (patients 70.7±5.38 

Table 3 presents a comparative analysis of various serum parameters between control subjects and patients before 

treatment. All measured parameters showed significant differences between the two groups, with p-values less than 0.001. 

Table 3: Relation of serum parameters of the controls and patients before treatment 

Parameters Mean±SD t- test value P- value 

Amyloid beta 42 pg/ ml 
Controls 20.48±2.11 

25.770 0.000 

Pt before tt 130.36±16.34 

HSP 90 Pg/ml 
Controls 71.43±10.73 

18.288 0.000 
Pt before tt 195.4±24.70 

MDA nmol/ml 
Controls 18.62±3.14 

18.571 0.000 
Pt before tt 114.07±18.4 

GSH µmol/ml 
Controls 12.7±1.86 

18.763 0.000 
Pt before tt 4.4±1.024 

Nitric oxide µmol/ml 
Controls 59.6± 9.1 

13.823 0.000 
Pt before tt 177.2±23.3 

Total anti-oxidant µM/ml 
Controls 88.4333±14.4 

21.309 0.000 
Pt before tt 28.5±5.3 

IL -6 Pg/ml 
Controls 7.51±1.34 

16.221 0.000 
Pt before tt 34.71±7.51 

Chol .mg/dl 
Controls 163.9±11.95 

28.591 0.000 
Pt before tt 249.6±12.5 

Noradrenaline nmol/ml 
Controls 17.8±2.741 

24.044 0.000 
Pt before tt 76.12±13.67 

Acetylcholine ng/ml 
Controls 42.8±5.7 

16.241 0.000 
Pt before tt 8.4±1.4 

Serotonin ng/ml 
Controls 63.94±9.96 

25.770 0.000 
Pt before tt 14.66±2.11 

Dopamine ng/ml 
Controls 19.4±2.27 

18.352 0.000 
Pt before 76.26±13.37 
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Amyloid beta 42, HSP 90, MDA, nitric oxide, IL-6, cholesterol, noradrenaline, and dopamine levels showed a significant 

decrease after treatment (P=0.000 for all). Conversely, GSH, total antioxidants, acetylcholine, and serotonin levels were 

significantly increased after treatment (P=0.000 for all) (Table 4). 

Table 4: Relation of serum parameters of the patients before and after treatment 

 Mean±SD t- test value P- value 

Amyloid beta 42 pg/ ml 
Pt before tt 130.36±16.34 

17.326 0.000 
Pt after tt 61.4±11.34 

HSP 90 Pg/ml 
Pt before tt 195.4±24.70 

17.820 0.000 
Pt after tt 99.7±10.48 

MDA nmol/ml 
Pt before tt 114.07±18.4 

11.87 0.000 
Pt after tt 58.7±14.2 

GSH µmol/ml 
Pt before tt 4.4±1.024 

-11.07 0.000 
Pt after tt 8.45±1.5 

Nitric oxide µmol/ml 
Pt before tt 177.2±23.3 

12.48 0.000 
Pt after tt 107.6±15.1 

Total anti-oxidant µM/ml 
Pt before tt 28.5±5.3 

12.25 0.000 
Pt after tt 51.66±7.74 

IL -6 Pg/ml 
Pt before tt 34.71±7.51 

9.362 0.000 
Pt after tt 18.17±4.6 

Chol .mg/dl 
Pt before tt 249.6±12.5 

17.016 0.000 
Pt after tt 186.6±13.61 

Noradrenaline nmol/ml 
Pt before tt 76.12±13.67 

9.780 0.000 
Pt after tt 46.4±6.56 

Acetylcholine ng/ml 
Pt before tt 8.4±1.4 

16.347 0.000 
Pt after tt 20±3.2 

Serotonin ng/ml 
Pt before tt 14.66±2.11 

27.680 0.000 
Pt after tt 46.4±5.34 

Dopamine ng/ml 
Pt before 76.26±13.37 

8.895  0.000 
Pt after 44.88±11.49 

Table 5 shows the relation between MMSE values of the controls and patients before treatment. There was a significant 

difference between controls and patients regarding MMSE values before treatment. 

Table 5. Relation between MMSE values of the controls and patients before treatment 

Table 6 presents the MMSE grades of patients before and after treatment. Initially, the distribution of patients across 

different MMSE categories was as follows: 1 patient (4.0%) had normal cognitive function, 8 patients (32.0%) had mild 

 Mean±SD t- test value P- value 

MMSE (control) 26.73±1.75 
7.43 0.000 

MMSE (patients) 15.28±5.78 
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cognitive impairment, 9 patients (36.0%) had moderate cognitive impairment, and 7 patients (28.0%) had severe cognitive 

impairment. 

Following treatment, there was a significant shift in the distribution of MMSE grades. The number of patients with normal 

cognitive function increased markedly to 10 patients (40.0%). Those with mild cognitive impairment slightly increased to 

9 patients (36.0%). Conversely, the number of patients with moderate cognitive impairment decreased to 5 patients 

(20.0%), and those with severe cognitive impairment dropped substantially to 1 patient (4%). 

Table 6. Relation between MMSE grades of the patients before and after treatment 

Prior to the treatment, patients had an average MMSE score of 15.28±5.78 whereas after treatment the score was 26±9.85, 

showing significant improvement (P=0.000) (Table 7). 

Table 7. Relation between MMSE values of the patients before and after treatment 

The results of the correlation analysis between the MMSE values of patients before and after treatment reveal a strong 

positive relationship (Table 8 and Figure 2).  

Table 8. Correlation between MMSE values of the patients before and after treatment 

 

 

Figure 2. Correlation between MMSE values of the patients before and after treatment 

MMSE grades MMSE (before treatment) 
MMSE (after 

treatment) 

 2  

 
P- value 

Normal 1(4.0%) 10 (40.0 %) 

13.065 0.004 

Mild 8 (32.0%) 9 (36.0 %) 

Moderate 9 (36.0%) 5 (20.0 %) 

Severe 7 (28.0%) 1 (4.0 %) 

Total 25 (100.0%) 25(100.0%) 

MMSE Mean±SD t- test value P- value 

MMSE (patients before treatment) 15.28±5.78 
4.69 0.000 

MMSE (patients after treatment) 26±9.85 

MMSE r - value P- value 

MMSE (patients before treatment) 
0.903  0.000 

MMSE (patients after treatment) 
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4. DISCUSSION 

To the best of our knowledge, this is the first study to date to report the beneficial properties of camel milk in AD patients. 

The findings of the present study show that camel’s milk has therapeutic potential regarding the treatment of AD. Following 

treatment with camel milk, a significant change in biochemical parameters was observed in the current study. For example, 

a significant decrease in Aβ42 was reported after treatment with camel milk. These findings are supported by a previous 

study by Abdulkadir et al. who reported that camel milk and taurine resulted in a significant reduction in Aβ peptide 

compared to controls (P < 0.05) (19). The ratio of plasma Aβ42 and Aβ40 is an accurate measure to detect amyloid plaques 

and determine the future risk of AD-related dementia in patients (20). AD is closely associated with increased oxidative 

stress and a compromised antioxidant defence system. Oxidative stress is a critical factor in the pathogenesis of AD which 

contributes to neuronal damage and cognitive decline. In the present study, camel milk demonstrated antioxidant effects 

by increasing the GSH levels after treatment. GSH is the most abundant antioxidant that is present in the brain. GSH reacts 

with reactive oxygen species (ROS) and neutralizes it (21).  

In AD, there is a decrease in the level of GSH. A meta-analysis by Chen et al. reported that brain GSH is reduced in AD 

patients (22). Furthermore, GSH levels are also decreased with age and oxidative stress which are also associated factors 

of AD. The decrease in GSH levels is also witnessed in peripheral lymphocytes in AD patients and there is an increase in 

oxidized glutathione (GSSG) (21). The ratio of GSSG to GSH is usually used to detect oxidative stress, which is also seen 

in AD. A linear correlation between increased GSSG and cognitive decline in AD patients was reported by Lloret et al. 

(23). The significant increase in GSH observed in the present study indicates that camel’s milk increases the overall 

antioxidant capacity of the patients which can potentially mitigate the oxidate stress to neuronal cells. The reduction in 

malondialdehyde (MDA) levels further supports the antioxidant properties of camel’s milk. MDA is considered one of the 

markers for identifying oxidative stress (24). 

High levels of MDA have also been reported in patients with AD. Some authors suggest that MDA in the erythrocytes 

should be the biomarker for AD identification (25). MDA is a biomarker of lipid peroxidation. A study by Rani et al. 

reported that MDA levels were higher in AD patients which indicates the lipid peroxidation in AD pathology (26). The 

findings of the present study are also consistent with previous studies that have reported that camel’s milk decreased MDA 

(27). Chronic inflammation is another hallmark of AD which contributes to neurodegeneration and cognitive impairment. 

This study observed a significant decrease in interleukin-6 (IL-6) levels following treatment with camel’s milk. IL-6 is a 

pro-inflammatory cytokine that plays a pivotal role in the inflammatory response associated with AD. Post-mortem AD 

brains have demonstrated an increased level of IL-6 (28). Similar to our study, Ming et al. reported that camel’s milk 

reduced the production of IL-6 and TNF-α (29). Another study by Alhaider et al. revealed that camel milk inhibits 

inflammatory angiogenesis by decreasing the production of proinflammatory cytokines such as IL-6, IL-17, and TNF-α 

(30). These anti-inflammatory effects may be attributed to the bioactive compounds in camel’s milk, such as lactoferrin 

and immunoglobulins which have shown to reduce IL-6 (31). 

Neurotransmitter imbalance is a characteristic feature of AD that can highlight the neurobiological basis of symptoms seen 

in AD patients. In the present study, the increase in serotonin and acetylcholine levels and the decrease in dopamine and 

noradrenaline levels suggest a rebalancing of neurotransmitter activity. AD patients generally have lower levels of 

serotonin. A recent study by Smith et al. reported that people with mild cognitive impairment have a loss of serotonin 

transporters (32). Similarly, several studies have found that AD patients have reduced levels of acetylcholine (33, 34). 

Acetylcholine is essential for cognitive processes, and its increase suggests an enhancement in cholinergic function which 

is typically impaired in AD. Hence, the findings of the present study are significant as an increase in acetylcholine and 

serotonin can help reduce AD symptoms. AD is also associated with increased levels of noradrenaline metabolites (35). 

The most significant clinical outcome of this study is the improvement in cognitive function, as evidenced by the increase 

in MMSE scores and the shift in MMSE grades. Cognitive decline is a debilitating aspect of AD. Previously, no study has 

investigated the cognitive improvement with camel milk in AD patients. However, several studies have reported the 

beneficial effects of camel milk on autism.  

A study reported a significant increase in oxidative stress biomarkers and autistic behaviour after treatment with camel’s 

milk (36). Similarly, significant differences were noted in autistic behaviour after consumption of camel’s milk for two 

weeks in another study (37). Camel’s milk has also demonstrated the anti-Parkinson’s properties (38). The mechanisms 

underlying the improvement in various brain disorders are likely multifaceted. The antioxidant and anti-inflammatory 

properties of camel’s milk may protect neuronal cells from damage and promote neuronal health. The improvement in 

cognitive outcomes can be attributed to improvement in neurotransmitter balance. 

There are several limitations of this study as well which should be considered while interpreting the findings of the study. 

The main limitation of this study is the small sample size. The included population, including 15 controls and 25 camel’s 

milk-treated patients does not represent the broader population. Furthermore, the control and patient groups were not 

matched appropriately as there was a significant difference in ages of the both groups. Therefore, these groups have inherent 

differences between them. Another limitation of the study is that it just presents pre- and post-treatment data which does 

not show the long-term effects of the camel’s milk treatments.  
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5. CONCLUSION 

In conclusion, this study shows that camel milk has significant positive improvements in biochemical and cognitive aspects 

in patients with AD. The significant decrease observed in Amyloid-beta 42, HSP 90, MDA, nitric oxide, IL-6, cholesterol, 

noradrenaline, and dopamine indicates the potential of camel’s milk to reduce oxidative stress in AD. Furthermore, an 

increase in biomarkers like GSH, total antioxidant capacity, acetylcholine, and serotonin, suggests improvement in 

antioxidant potential, lipid profiles, and balance of neurotransmitter function. All these parameters observed were also 

translated into an improvement in cognitive function as well in the present study. However, a small sample size remains 

the main limitation of the present study. Future research should further investigate these findings in larger trials.  
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