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S U M M A R Y  
 
 
 The aim of the study was to investigate the microscopic renal changes resulting from the 
concurrent administration of chloroquine and ethanol, with inadequate dietary protein using rats.  
 Sixty-four rats were randomly distributed into eight groups of eight rats each: control groups on 
normal protein (NPC) or low protein diet (LPC); chloroquine treatment groups on normal protein (NPQ) or 
low protein diet (LPQ); ethanol treatment groups on normal protein (NPE) or low protein diet (LPE); 
concurrent chloroquine and ethanol treatment groups on normal protein (NPQE) or low protein diet 
(LPQE). Chloroquine in 0.9% normal saline was administered weekly to NPQ, LPQ, NPQE, and LPQE. 
While NPE, LPE, NPQE and LPQE received 6% ethanol in drinking water ad libitum, NPC and LPC 
received 0.9% normal saline and plain drinking water. After treatment, routine haematoxylin and eosin 
stain, Masson's trichrome stain for collagen, kidney volume estimation, glomeruli count, 
immunofluorescence for aquaporin 2 and urine volume estimation were conducted.  
 The results showed a decreased kidney volume in all the experimental groups compared to the 
control. There was increased collagen fibre deposition and distortion of renal histology in the 
experimental groups compared to control.  

Concurrent administration of chloroquine and alcohol causes distortion of kidney histology and 
derangements of renal function in the low protein fed rats and can cause kidney failure. 
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I N T R O D U C T I O N  
 

Chloroquine was first synthesized in 1934 for 
the treatment and prophylaxis of malaria (1). Chlo-
roquine is also useful in treating rheumatoid arthritis 
and systemic lupus erythematosus (2). These require 
a long duration of administration and can lead to 
cumulative toxicity in the body.  

Chloroquine use is sometimes associated with 
concurrent alcohol consumption in most African 
countries (3), where malaria is endemic. People 
consume alcohol while on chloroquine treatment for 
malaria or rheumatoid arthritis, ignorant of the 
lethal toxicity of the combination. Musabayane et al. 
(4) reported derangement of renal function resulting 
from concurrent administration of chloroquine and 
ethanol. However, due to the lack of histological and 
morphometric data, there is a need to study and 
document the renal histological and morphometric 
from the chloroquine-alcohol interaction, empha-
sizing sub-Saharan Africa, where poverty helped 
malaria prevalence. Furthermore, proper and ade-
quate nutrition is always a challenge in sub-Saharan 
Africa. 

Protein malnutrition is one of the most fa-
miliar nutritional problems in Africa due to poverty. 
Histological changes associated with protein malnu-
trition had been reported and might lead to organ 
failure (5). Knowledge of the toxicity of chloroquine 
and ethanol concurrent administration in protein 
malnourished condition is vital in these commu-
nities, mostly because of the reports of an increase in 
chronic kidney disease worldwide and sub-Saharan 
Africa (6).  

Adequate dietary protein intake helps miti-
gate expected renal histological changes (7). Hence, 
this study investigated the effects of combined 
administration of chloroquine and alcohol on renal 
morphology with inadequate dietary protein intake 
to mimic the situation in sub-Saharan Africa where 
inadequate nutrition and malaria complicate chlo-
roquine and alcohol abuse.   

 
MATERIALS AND METHOD 
 
Ethics, animals and housing 
 
The Animal Ethics Screening Committee of 

the University of the Witwatersrand (Ethics clear-
ance number: AESC 2015/11/54C) approved this 
study. Sixty-four adult male Sprague Dawley rats 

were used. The sample size was calculated based on 
the resource equation method (E = Total number of 
animals – Total number of groups). The rats were 
individually housed in Perspex cages lined with 
sawdust and paper shreds with the temperature 
maintained at 21 ± 1°C and a 12-hour light cycle; 
feed was supplied ad libitum to all the rats. The rats 
were allowed one week to acclimatize to the cages 
before the experiment commenced.  

 
Chloroquine, ethanol and low protein diet 

preparations 
 
Chloroquine phosphate salt (Sigma-Aldrich, 

PHR1258) was reconstituted in our laboratory with 
0.9% saline to make 10 mg/ml solution, the safe dose 
used in malaria treatment and research (8). Alcohol 
stock solution of 100% ethanol was diluted to make 
6% ethanol in drinking water v/v. This alcohol con-
centration approximates the alcohol content in beer, 
which is the most typical alcoholic beverage in the 
world (9). A low protein diet (6% protein) was re-
constituted from the standard rat diet (23% protein) 
(Nutrition hub, South Africa). Table 1 shows the 
proximate analyses of the feeds.  

 
Table 1. Proximate feed analyses 

 

Components  Unit 

Control  
diet 

(23% of 
protein) 

Low 
protein 

diet 
(6% of 

protein) 
Dry matter % 91.11 92.78 
Moisture % 8.89 7.22 
Ash % 6.99 3.35 
Fat  
(ether extraction) 

% 3.34 3.25 

Crude fibre % 2.60 3.74 
Protein (N x 6.25) % 22.75 5.73 
Calcium  % 1.32 2.95 
Phosphorous  % 0.62 0.15 
Total energy  MJ/kg 16.58 15.97 

 
Study design 
 
Sixty-four adult (9 weeks old, average weight 

405 ± 24 g) male rats were weighed and randomly 
assigned into two groups of 32 rats each (normal and 
low protein groups: NP and LP respectively) based 
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on the dietary protein content. Each dietary group 
comprised four randomly assigned subgroups of 
eight rats: control groups on normal protein (NPC) 
or low protein diet (LPC); chloroquine treatment 
groups on normal protein (NPQ) or low protein diet 
(LPQ); ethanol treatment groups on normal protein 
(NPE) or low protein diet (LPE); concurrent chlo-
roquine and ethanol treatment groups on normal 
protein (NPQE) or low protein diet (LPQE). All rats 
in the LP group fed on low protein diet one week 
before the experiment to acclimatise.  

Chloroquine was administered by intraperi-
toneal injections weekly at 0.1 ml/100 g (equivalent 
of 1 mg/100 g dose) body weight to the subgroups 
NPQ, LPQ, NPQE and LPQE. In contrast, subgroups 
NPC, NPE, LPC and LPE received 0.1 ml/100 g of 
0.9% intraperitoneal saline injections weekly for the 
60 days duration of the experiment. Ethanol was 
supplied in drinking water at 6% v/v ad libitum to 
the subgroups NPE, LPE, NPQE and LPQE, whereas 
subgroups NPC, NPQ, LPC and LPQ received plain 
drinking water ad libitum.  

To estimate the 24-hour urine volume, the rats 
were placed individually in a metabolic cage for a 
24-hour duration on days 0, 30 and 60 of the exper-
iment to monitor urine output. After 24 hours in the 
cage, collected urine volume is then measured using 
a calibrated measuring cylinder. 

 
Termination of the experiment 
 
After 60 days, animals’ weight was measured 

using calibrated Snowrex electronic scale (Clover 
scales, South Africa) and they were euthanized with 
an overdose of sodium pentobarbitone (Euthanaze®) 
20 mg/100 g body weight intraperitoneal injection. 
Kidneys were immediately removed through a mid-
line abdominal incision and immersed in 10% 
neutral buffered formalin for fixation. Kidney wet 
weight was measured at termination using cali-
brated RADWAG sensitive electronic scale (Wagi 
Elektroniczne, Poland) before fixation, and the rela-
tive organ weight was derived using body weight 
percentage.  

 
Three-dimensional volume rendering using 

VGStudio 
 
The formalin-fixed kidney was scanned with a 

Nikon X TH 225/320 microfocus computed tomog-
raphy machine (Nikon, UK). The scanned images 

were reconstructed to a three-dimensional file and 
imported into VGStudio Max software version 3.0 
(Volume Graphics GmbH, Germany) for analysis. 
The surface determination option was then used to 
separate the kidney tissue from the background. The 
region growing option was then used to demarcate 
and select only the kidney tissue for 3D volume 
analysis. The volume analyser option was executed 
to get the result of the volume analysis. 

 
H&E staining 
 
Formalin-fixed kidney tissues were routinely 

processed for histological analyses; five µm sections 
were cut using a rotary microtome (Jung Biocut 2035, 
Leica, Germany) and taken on gelatin-coated slides, 
dewaxed, hydrated through graded alcohol series 
and then stained as follows: Mayer's Hematoxylin 
for 5 minutes, washed in running water for 5 min-
utes, two dips in 1% acid alcohol to differentiate 
slide. Then, they were washed in running water for 5 
minutes and counterstained in Eosin for 30 seconds. 
They were washed briefly in running water, 
dehydrated in series of alcohol, cleared in xylene, 
mounted with Entellen® and coverslipped. 

Photomicrographs of the H&E stained sections 
were taken with Axiocam HRc2 camera attached to 
the Axioskop 2 microscope (Zeiss, Germany) for 
histopathological evaluation and glomeruli 
counting. 

 
Glomeruli counting method 
 
On the H&E stained sections, random non-

overlapping fields in the renal cortex were 
photographed using Axiocam HRc2 camera attached 
to Axioskop 2 microscope (Zeiss, Germany GmbH) 
and imported into ImageJ. A grid was super-
imposed, and the glomeruli within the field were 
counted, while any of the glomeruli cut by the field 
edge were not counted. In each (n = 5) of the 
experimental group and control, ten fields were 
examined, and a mean was taken. The result of the 
counting is the number of glomeruli in a single 
camera field at 10x magnification (5.78 mm2 area). 

 
Masson's trichrome staining 
 
The 5 µm sections taken on gelatin-coated 

slides were dewaxed and hydrated through graded 
alcohol series and then stained as follows: celestine 
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blue for 5 minutes, then Mayer's Hematoxylin for 5 
minutes, then three dips in 1% acid alcohol, then 
acid fuchsin for 5 minutes, then phosphomolybdic 
acid for 5 minutes, then light green for 5 minutes, 
then 1% acetic acid for 2 minutes. Then, the sections 
were dehydrated through graded alcohol and 
cleared in xylene, mounted with Entellen®, and 
coverslipped. 

Photomicrographs of the Masson's trichrome-
stained sections were taken with Axiocam HRc2 
camera attached to Axioskop 2 microscope (Zeiss, 
Germany) for collagen fibre evaluation. Further-
more, a grid was overlaid on random non-over-
lapping fields on the microphotographs using 
ImageJ. The area fraction of the collagen fibre was 
calculated as the collagen deposition area per single-
camera field at x10 magnification (5.78 mm2 area) in 
ten fields, and the average was taken (n = 5). Points 
of grid intersection on the collagen deposition were 
counted, and then the points were multiplied by area 
per point (0.07 mm2) to get the collagen deposition 
area. The area fraction of the collagen fibres is 
defined as the collagen deposition area divided by 
5.78 mm2. 

 
Aquaporin 2 water channel 
immunofluorescence  
 
Five µm tissue sections were taken on silane-

coated slides, dewaxed, hydrated, and then washed 
in tap water for immunofluorescence procedure. 
Heat antigen retrieval was done in a microwave 
oven at 720-watt power for ten minutes, using citrate 
buffer at pH 6.0. Then, the sections were washed in 
phosphate-buffered saline (PBS) and then incubated 
with 10% normal goat serum in PBS to block antigen 
for one hour. Sections were then incubated with 
rabbit anti-aquaporin 2 (Abcam, ab15116, 1:500 
dilution) primary antibody in PBS overnight at 4°C. 

On the second day, sections were washed in 
PBS and incubated with goat anti-rabbit Alexa flour 
488 (Abcam, ab150077) secondary antibody in PBS 
for 1 hour in the dark at room temperature. Then, 
they were washed with PBS and incubated with 4', 6-
diamidino-2-phenylindole, dihydrochloride (DAPI) 
nuclear stain for 5 minutes and then washed, 
coverslipped with fluoromount®, allowed to dry and 
kept at 4°C until viewing and analysis.  

Fluorescence images were captured using the 
XC10 digital camera attached to the Olympus IX51 
inverted fluorescence microscope (Olympus, Japan). 

Images of Alexa fluor channel were acquired at 300 
ms exposure time, while images of DAPI channel 
were acquired at 70 ms exposure time. CellSens 
dimension 1.11 image analysis software was used to 
overlay the Alexa fluor channel and DAPI channel. 
Alexa Fluor channel represents the aquaporin 2 
expression, while DAPI channel represents nuclear 
expression. 

 
Statistical analysis 
 
Data management, visualization and statistical 

analysis were conducted with GraphPad prism 9.0. 
Differences of p < 0.05 were considered significant. 
Tabular data and bar graphs are presented as the 
mean and standard deviation (SD). 

Normality was tested with the Shapiro-wilk 
test, one-way analysis of variance (ANOVA) and the 
Kruskal-Wallis test was used for parametric data and 
non-parametric data, respectively. Tukey post-hoc 
was used for multiple mean pairwise comparisons in 
significant one-way ANOVA and Dunn multiple 
comparisons for significant Kruskal-Wallis test. Re-
peated measures two-way analysis of variance 
(ANOVA) was used to analyze body weight and 
urine volume parameters. Mean pairwise compar-
ison was conducted between baseline and after-
treatment parameters as well as between the animal 
groups. 

 
RESULTS 

 
Body weight 
 
All rats were in good health before the exper-

iment, and at termination, no mortality or signs of 
any behavior change were recorded. Body weight at 
termination was significantly lower in the entire LP 
group than NPC compared to their cohorts in NP 
(two-way repeated-measures ANOVA, p < 0.0001, 
DF = 7, F = 91.86). Additionally, comparing initial 
body weight to the terminal body weight shows a 
significant weight gain in the NP group (Two-way 
repeated-measures ANOVA, p < 0.0001, DF = 7, F = 
91.86). However, the LP group did not gain weight 
throughout the study. The percentage body weight 
gain of rats in NPC, NPQ, NPE and NPQE were 
42.43%, 37.31%, 36.63% and 33.09% respectively, 
whereas the percentage weight loss in LP-treated 
rats, LPC, LPQ, LPE and LPQE was 0.53%, 1.56%, 
1.13% and 4.08% respectively (Table 2). 
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Table 2. Changes in body weight (g) of the control and experimental groups 
 

 
NPC NPQ NPE NPQE LPC LPQ LPE LPQE 

Initial body 
 weight (g) 

392 ± 
32 

422 ± 
46 

439 ± 
69 

427 ± 
41 

434 ± 35 440 ± 49 423 ± 35 440 ± 56 

Terminal body 
weight (g) 

557 ± 
39 

575 ± 
30 

594 ± 
64 

565 ± 
42 

431 ± 
29* 

434 ± 56** 418 ± 38** 422 ± 60** 

Weight 
gain/loss (g) 

165 ± 
29  

153 ± 
33 

156 ± 
31 

138 ± 
32 

-3 ± 16 -6 ± 14 -5 ± 16 -18 ± 29 

         Asterisks * indicate significant difference (P < 0.01) compared to control (NPC) while ** indicate significant difference  
         (p < 0.01) compared to NPC and respective cohorts (i.e. NP vs LP dietary groups). Pilcrow indicates significant difference  
         in weight gain (p < 0.01). 

 
 

Table 3. Changes in the control and experimental groups urine output at different times of the experiment 
 

 
NPC NPQ NPE NPQE LPC LPQ LPE LPQE 

Pre-treatment 24 hours  
urine volume (ml) 

17.3 ± 4.1 19.0 ± 5.0 19.2 ± 5.0 15.8 ± 4.1 10.6 ± 3.2 11.4 ± 4.8 13.4 ± 5.1 12.0 ± 4.0 

Mid-treatment 24 hours  
urine volume (ml) 

20.0 ± 5.1 23.1 ± 13 21.4 ± 4.0 13.3 ± 4.6 11.5 ± 8.8 10.4 ± 2.8* 5.9 ± 3.1** 6.4 ± 3.4* 

Terminal urine  
volume (ml) 

22.4 ± 6.0 23.4 ± 9.4 21.1 ± 4.5 14.6 ± 4.0 9.7 ± 4.8* 12.8 ± 3.0β 5.0 ± 2.2** 4.5 ± 2.4** 

Asterisks * indicates significant difference (P < 0.01) compared to control (NPC), while ** indicate significant difference (p < 0.01) 
compared to NPC and respective cohorts (i.e. NP vs LP dietary groups). Pilcrow indicates significant difference in urine volume 
compared to baseline volume (p < 0.01) while beta β indicates significant difference compared to mid-treatment volume (p < 0.01). 

 
 
Urine volume 
 
The urinary output results, as summarized in 

Table 3, showed significant changes in the measured 
volume at different times throughout the study 
(Two-way repeated-measures ANOVA, p < 0.0001, 
DF = 14, F = 3.875). Mean pairwise comparison 
showed no significant difference between all the 
groups at the baseline measurement. At the mid-
treatment, LPQ (p = 0.0209), LPE (p = 0.0008) and 
LPQE (p = 0.0012) were significantly decreased com-
pared to NPC. Also, only LPE (p < 0.0001) was signif-
icantly decreased compared to NPE. At the terminal 
measurement, LPC (p = 0.0106), LPE (p = 0.0009), 
LPQE (p = 0.0006) were significantly decreased com-
pared to NPC, while LPQ showed no significant dif-
ference. Furthermore, only LPE (p < 0.0001) and 
LPQE (p = 0.0016) showed a significant difference 
compared to NPE and NPQE, respectively.   

While comparing the volume changes be- 

tween the periods, the LPE subgroup showed a sig-
nificant decrease between the baseline volume and 
mid-treatment volume (p = 0.0223) and between 
baseline volume and terminal volume (p = 0.0023). 
Furthermore, the LPQE subgroup showed a signif-
icant decrease between baseline volume and mid-
treatment volume (p = 0.0205) and between baseline 
volume and terminal volume (p = 0.0017). Lastly, 
LPQ showed a significant increase between mid-
treatment volume and terminal volume (p = 0.0311), 
while all remaining comparisons were not signif-
icant.  

 
Kidney weight 
 
Table 4 summarizes the results of kidney in 

absolute and relative measurements. Absolute kid-
ney weight showed a significant decrease in the LP 
group compared to NPC and their respective cohorts 
(one-way ANOVA, p < 0.0001, DF = 7, F = 22.69).  
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Table 4. Kidney weight in rats administered chloroquine and/or ethanol while on normal or low protein diet 
 

 
NPC NPQ NPE NPQE LPC LPQ LPE LPQE 

Absolute kidney 
weight (g) 

3.4 ± 0.34 3.5 ± 0.36 3.6 ± 0.60 3.5 ± 0.25 2.4 ± 0.20* 2.4 ± 0.23** 2.3 ± 0.17** 2.5 ± 0.37** 

RKW  
(% bodyweight) 

0.61 ± 0.04 0.61 ± 0.04 0.60 ± 0.04 0.62 ± 0.04 0.57 ± 0.03 0.56 ± 0.04 0.55 ± 0.05 0.60 ± 0.07 

RKW – relative kidney weight.  
Asterisks * indicates significant difference (P < 0.01) compared to control (NPC) while ** indicate significant difference (p < 
0.01) compared to NPC and respective cohorts (i.e. NP vs LP dietary groups)  

 
 
Relative kidney weight also showed a statistically 
significant difference (one-way ANOVA, p = 0.0233, 
DF = 7, F = 2.557). 

 
Kidney volume 
 
Kidney volume was significantly (one-way 

ANOVA, p < 0.0001, DF = 7, F = 9.377) lower in LP 
groups compared to NPC and compared to their co-
horts in NP, but no significance was recorded within 
the LP or within the NP (Figure 1).  

 
Glomeruli count 
 
Figure 2 shows the results of glomeruli count 

in a single camera field (5.78 mm2 area), with no sta-
tistically significant difference (one-way ANOVA, p 
= 0.0740, DF = 7, F = 2.087).  

 
Collagen fiber evaluation 
 
The Masson's trichrome stain qualitatively 

allows appreciation of the increased collagen fiber 
deposition in all the LP-treated groups compared to 
the NPC and their NP cohorts (Figure 3). Quantita-
tively, the amount of collagen fiber deposited was 
not significantly different between and within the 
groups (Kruskal-Wallis, p = 0.1919). (Figure 4). 

 
Histological changes 
 
The histological evaluation of the treatment is 

shown in Figure 5. The proximal tubule (Pt) shows 
normal low columnar cells with apical brush border 
intact (white arrow points at Pt cell nucleus), while  

 
 

the distal tubule (Dt) shows normal cuboidal cells 
with a paler cytoplasm (black arrow points at Dt cell 
nucleus) in the control groups (NPC, LPC). How-
ever, the renal corpuscle shows an intact glomerular 
tuft (Gl, Insert) surrounded with clearly visible uri-
nary space (red arrowhead) in the NPC, but a nar-
rowing of the same in the LPC.  

All the treatment groups showed degener-
ation of the apical brush border (Bb) in the proximal 
tubule (Pt), except the NPE. However, degeneration 
of the distal tubule (Dt) cells and widening of its 
lumen is seen in all the treated groups. Besides, the 
proximal tubule showed vacuolation (blue arrow, in 
NPQ), necrosis (blue asterisk, in NPQ and LPE) and 
luminal debris (black arrowhead, in LPQ and LPQE).  

In the glomeruli, narrowing of the urinary 
space (red arrowhead) is common to all the treat-
ment groups.  

 
Aquaporin 2 (AQP2) water channel 

fluorescence evaluation 
 
The fluorescence intensity is highest in the 

LPQE, LPE and NPQE than NPC, while LPQ has the 
lowest intensity compared to NPC. Also, LPC, NPQ 
and NPE show no qualitative difference in the fluo-
rescence intensity compared to NPC (Figure 6). In 
this regard, the high fluorescence intensity in the 
apical membrane indicates the upregulation of the 
AQP2 water channels. It signifies increased water 
reabsorption, while low fluorescence intensity indi-
cates downregulation and reduced water reabsorp-
tion. Increased water reabsorption causes concen-
trated urine and a small urine output volume, 
whereas reduced water reabsorption causes diluted 
urine and large urine output volume. 
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Figure 1. Effects of chloroquine and/or ethanol treatment on kidney volume in rats fed normal  
or low protein diet 

 
Asterisks * indicates significant difference (P < 0.01) compared to control (NPC) while ** indicate significant difference (p < 
0.01) compared to NPC and respective cohorts (i.e. NP vs LP dietary groups). 

 
 
 

 
 
 

Figure 2. Renal glomeruli count following chloroquine and/or ethanol treatment in rats fed normal  
or low protein diet. No statistical difference was recorded. 
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Figure 3. Histological sections of rat kidney showing collagen fiber demonstrated with Masson's trichrome  

stain (X63). Red arrows (in each treatment) indicates the collagen fibers and shows an increase in all the low  
protein treated compared to normal protein treated groups. 
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Figure 4. Renal collagen fiber fraction in rats treated with chloroquine and/or ethanol and fed normal  
or low protein diet. No statistical difference was recorded. 
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Figure 5. Representative histological images of light micrographs of kidney sections (X100) from the different  
treatment groups of rats. Blue asterisk shows necrosis; blue arrow shows vacuolation; red arrowhead shows  

the urinary space; black arrowhead shows debris. 
 

         Pt – proximal tubule, Dt – distal tubule, Gl – glomerulus, Bb – brush border. 
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Figure 6: The AQP2 protein channels in kidney sections of the rats (fluorescence intensity; X20)  
treated with chloroquine and/or ethanol. White arrow indicates the apical membrane of the collecting duct  

where the protein channels are located. 
 
 
DISCUSSION 
 
The kidney is highly vulnerable to damage 

from an increased accumulation of excretion prod-
ucts in renal tubular cells during absorption and 
secretion. The results of this experiment suggested a 
high risk of renal morphological and histological 
distortions resulting from chloroquine and alcohol 
administration in a protein malnourished individual. 
This is common in rural sub-Saharan Africa, where 

carbohydrate is the principal diet with minimal ac-
cess to quality dietary protein (10). Imbalanced die-
tary protein can lead to the accumulation of drug 
metabolic waste because of a reduction in the avail-
ability of enzymes responsible for its breakdown (11). 

Although there was no death recorded 
throughout the experiment in all the groups, the low 
protein fed group's inability to gain significant 
weight is consistent with an earlier report (8). Body 
weight changes are vital for assessing health and 
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disease status in an individual, being a critical indi-
cator of a serious underlying health condition. Inade-
quate dietary protein is associated with many health 
problems, including skeletal muscle wasting and 
weight loss (10). However, despite the weight loss in 
the low protein groups, no significant changes in 
food consumption were recorded in all the experi-
mental groups. This suggests that the weight loss in 
the low protein group is not associated with a lack of 
feeding but rather the relative protein intake (quality 
of the food), which may negatively affect the body-
building processes. 

The organ weight in toxicity studies reveals 
invaluable insight, much like the microscopic 
changes. In this study, changes in kidney weight 
correlate with changes in body weight, especially 
considering that the duration of the study is not long 
to elicit a significant change in the weight. However, 
changes in kidney volume will further elucidate the 
actual morphological and histological changes.  

Meanwhile, kidney volume assessment and 
comparisons showed significant kidney shrinkage in 
rats fed low protein. This may be accounted for by 
general body weight loss in addition to the kidney 
parenchymal contraction caused by increased col-
lagen deposition (12). However, the absence of 
change in kidney volume in the ethanol-treated 
group contrasts with a previous report, which as-
sociated alcohol treatment with kidney swelling in 
humans and rats (13). Perhaps, it resulted from al-
coholic liver cirrhosis linked with kidney enlarge-
ment in the study (13), which was not observed in 
this study possibly due to the duration of the exper-
iment. Kidney volume is arguably the most signif-
icant clinical indicator of kidney disease progression 
(14).  

Histological examination revealed that chlo-
roquine and ethanol administration caused degen-
eration of the renal tubules and narrowing of the uri-
nary space, as previously reported by Musabayane 
et al. (4). Additionally, combined treatments with 
chloroquine and ethanol also distorted Bowman's 
capsule and glomeruli tuft in normal and low pro-
tein groups. These changes indicate a cellular re-
sponse to stress and injury, but the increased dis-
tortion in chloroquine treated group compared to 
ethanol treated group further suggests that chloro-
quine more adversely affected the renal morphol-
ogy than ethanol in both dietary groups. The histol-
ogical changes observed were associated with in-

creased collagen deposition in low protein groups, 
indicating renal parenchymal damage.  

Aquaporin 2 (AQP2) water channel regulation 
is instrumental to the urine concentrating mech-
anisms and the kidney function in regulating body 
water and electrolytes homeostasis. The AQP2 water 
channel helps further our understanding of the ef-
fects of chloroquine and ethanol in the absence or 
presence of protein malnutrition on normal renal 
fluid handling. Appropriate control of diet and wa-
ter intake is essential for maintaining normal blood 
pressure, fluid and electrolyte homeostasis in the 
body (15). The results reveal that chloroquine mod-
ulates the downregulation of AQP2, as previously 
reported by lowering cAMP levels in the inner 
medulla (16) leading to increased urine output as 
recorded and perhaps with minimal effect on the 
body's electrolyte balance. However, alcohol is 
known to affect electrolyte balance in the body (17). 
Thus, the decreased urine output in the groups 
administered alcohol while on low protein diet may 
result from increased water reabsorption activated 
by AQP2 upregulation (increased apical AQP2 inten-
sity) to maintain body fluid and electrolytes balance.  

Furthermore, in groups with adequate pro-
tein, average urine output was maintained despite 
alcohol administration suggesting that protein im-
balance played a significant role in the electrolyte de-
rangements caused by alcohol administration.  

Alcohol and chloroquine administration neg-
atively impact kidney function, and the present re-
sults indicate that inadequate dietary protein might 
exacerbate the problem. However, these findings did 
not contrast the benefit of instituting a low protein 
diet regiment as part of the nutritional management 
of chronic kidney disease (18) since the present study 
was differently focused. The limitations of this study 
include perhaps failure to assess kidney function pa-
rameters as well as the short duration of the study. 
These areas will further our understanding of the 
renal functional derangement associated with chlo-
roquine and alcohol administration in low protein 
diet condition. 

 
CONCLUSION 
 
This study's findings demonstrate the detri-

mental effect of chloroquine and ethanol administra-
tion in the kidney exacerbated by low protein dietary 
intake. This study also indicated that adequate die-
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tary protein might minimise renal distortions caused 
by ethanol and chloroquine. 
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S A Ž E T A K  
 

 
Cilj ove studije bilo je ispitivanje mikroskopskih bubrežnih promena kod pacova nakon 

istovremene primene hlorokina i etanola, uz neadekvatan unosom proteina. 
Šezdeset četiri pacova nasumično je podeljeno u osam grupa od po osam pacova: kontrolnu grupu sa 

normanlnim sadržajem proteina (NPC – eng.) ili na režimu ishrane sa niskim sadržajem proteina (LPC – 
eng.); grupu tretiranu hlorokinom sa normalnim sadržajem proteina (NPQ – eng.) ili na niskoproteinskom 
režimu ishrane (LPQ – eng.); grupu tretiranu etanolom sa normalnim sadržajem proteina (NPE – eng.) ili sa 
niskim sadržajem proteina (LPE – eng.); grupe istovremeno tretirane hlorokinom i etanolom sa normalnim 
sadržajem proteina (NPQE – eng.) ili sa niskim sadržajem proteina (LPQE). Hlorokin je u normalnom 
fiziološkom rastvoru administriran na nedeljnom nivou pacovima iz sledećih grupa: NPQ, LPQ, NPQE i 
LPQE, dok su pacovi iz grupa NPE, LPE, NPQE i LPQE primali šestoprocentni etanol kroz vodu za piće ad 
libitum. Pacovi grupa NPC i LPC primili su normalni fiziološki rastvor od 0,9% i običnu vodu za piće. Nakon 
tretmana, sprovedeno je rutinsko bojenje hematoksilinom i eozinom, Masonovo trihromno bojenje na 
kolagen, procenjivanje zapremine bubrega, određivanje broja glomerula, imunofluorescencija za akvaporin 
2 i procena zapremine urina. 

Rezultati su pokazali smanjeni volumen bubrega u svim eksperimentalnim grupama pacova u 
poređenju sa kontrolnom grupom. Kod pacova u eksperimentalnim grupama zabeleženo je povećano 
taloženje kolagenskih vlakana, kao i promena bubrežne histologije, u poređenju sa pacovima iz kontrolne 
grupe. 

Istovremena primena hlorokina i alkohola dovodi do poremećaja histologije bubrega i bubrežne 
funkcije kod pacova hranjenim niskim sadržajem proteina, što može dovesti do bubrežne insuficijencije. 
 
Ključne reči: hlorokin, etanol, nizak sadržaj proteina, VGStudio, akvaporin 2 
 
 


