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Abstract

Drinking ice-cold water is prohibited in Avicenna’s “The Canon of Medicine” book in which he em-
phasized that ice-cold water drinking was hazardous for the body organs such as the liver. Little infor-
mation can be found regarding the effects of ice-cold fluid drinks on liver and its probable sequels on 
this vital organ. Accordingly, we investigated the effects of long-term ice-cold water drink on the rat 
liver function and histology. Eighteen male Wistar rats, weighing 180 ± 20 g, were randomly divided 
into three groups of six as two months ice-cold water drink, CW2M; three months ice-cold water drink, 
CW3M; and three months room temperature water drink; control group. Upon completion of the care 
period, a blood sample has been taken for liver enzymes and lipid profile assessment. Liver tissue has 
also been used for histological studies of H&E staining and microscopic examination. Histological 
findings showed hepatocellular micro-vesicle formation, necrosis and derangement of the cellular cords 
and infiltration of Kupffer cells in ice-cold water taken animals. Serum TGs, VLDL-C and ALP signifi-
cantly increased with sound decrease in FBS and LDL-C in ice-cold water taken animals. It seems that 
long-term ice-cold water has deleterious functional and structural effects on the liver.
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Introduction
Drinking ice-cold water is prohibited in Avicen-
na’s “The Canon of Medicine” book in which 
he emphasized that ice-cold water drinking was 
hazardous for the body organs such as liver, 
bone, brain, stomach, lungs and nerves. He also 
noted gradual adverse changes followed by ice-
cold water drink [1-2].
However, there is a lack of evidence on this 
impression. A literature search found nothing 
more than a few scattered articles examining the 
acute effects of ice-cold water and beverages on 
certain biological parameters. Drinking ice-cold 
water is reported to acutely trigger asthma at-
tack [3] and headache [4], alter thermogenesis 
[5] and energy expenditure [6], blood pressure 
[7] and heart rate [8], gastrointestinal motility 
[9-11], intragastric pressure [12], rectal tem-
perature [13,14], and endocrine secretions [15]. 
On the other hand, solid associations have been 
found between lifestyle of food taking and de-
velopment of non-communicable diseases such 
as metabolic syndrome [16,17]. Non-alcoholic 
fatty liver disease (NAFLD), a global health 
concern, is mainly affected by lifestyle misbe-
havior [18] and may eventually provoke to fi-
brosis, cirrhosis and hepatocellular carcinoma 
with weighty health and economic consequenc-
es to the patients, their families and the society 
[19]. Its pathophysiology is multifactorial [20] 
and influenced by lifestyle [21] as well, espe-
cially eating behavior. 
To the best of our knowledge, little information 
can be found regarding the effects of ice-cold 
fluid drinks, an aspect of eating behavior, on 
liver and its probable sequels on this vital or-
gan. Accordingly, we investigated the effects of 

long-term ice-cold water drink on the rat liver 
function and histology as a preliminary work. 

Methods

Animals
Eighteen male Wistar rats, weighing 180 ± 20 
g were kept at controlled conditions of 22 ± 2 
°C and 12:12-hour light-dark cycle. Animals 
were randomly divided into 3 groups of 6 rats 
each. The first group allowed to freely drink 
ice-cold water (4 °C) for two months (CW2M). 
The second group did the same for three months 
(CW3M). The third group took room temperature 
water for 3 months and were considered as con-
trol group. Animals were handled in accordance 
with the criteria of the ‘Guide for the Care and 
Use of Laboratory Animals’, 8th edition (https://
www.ncbi.nlm.nih.gov/books/NBK54050/). All 
experimental procedures were approved by the 
ethics committee of Tehran University of Med-
ical Sciences (IR.TUMS.VCR.REC.1379.802).
Ice-cold water was prepared by filling the bottle 
of water with ice cubes twice a day. At the end of 
2 or 3 months, animals were anesthetized with 
a mixture of intraperitoneal ketamine (100 mg/
kg) and xylazine (10 mg/kg) after a twelve hour 
overnight fast. Four to five ml of blood was tak-
en directly from the heart. The blood was centri-
fuged, serum separated and stored at -70 °C for 
further analysis.
The liver was separated from the surrounding tis-
sues and washed with normal saline. Left medial 
lobe was removed and put in 10% formalin for 
histological examination. 
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Biochemical analysis
Serum aspartate aminotransferase (AST), Ala-
nine aminotransferase (ALT), alkaline phospha-
tase (ALP), Triglycerides (TGs), Total choles-
terol (TC), High-density lipoprotein cholesterol 
(HDL-C) and Fasting blood sugar (FBS) were 
measured using colorimetric AutoAnalyzer 
(Roche-Hitachi 902 AutoAnalyzer- Japan, Pars 
Azmoon Kit). Low-density lipoprotein cholester-
ol (LDL-C) and Very low-density lipoprotein cho-
lesterol (VLDL-C) were calculated by the Friede-
wald equation as follows:
 VLDL-C = TGs/5 & LDL-C = TC – HDL-C – 
VLDL-C [22].

Histological examination
Fixed liver samples embedded in paraffin and 
cut into 5 µm sections and deparaffinized with 
xylene. The sections were subjected to standard 
hematoxylin/eosin (H&E) staining and checked 
under a light microscope at 40X magnification. 
Quantitative histological scoring assessed by an 

expert blind to the study design. Five fields of 
view of each five sections were evaluated by the 
histologist (BMZ). 

Statistical analysis
Data presented as mean±SEM. One-way 
ANOVA used to compare the mean differenc-
es among groups followed by Tukey’s post 
hoc test. Statistical analysis performed using 
GraphPad Prism software (Version 7). Group 
differences with p < 0.05 considered statisti-
cally significant.

Results

Effects of long-term ice-cold water drink on se-
rum AST, ALT, and ALP levels
No significant differences found in AST and 
ALT levels among various groups. ALP level 
however, significantly (p < 0.05) increased in 
CW3M group (616.2 ± 48.37 IU/L) compared 
to control animals (450.3 ± 34.8 IU/L) (Fig. 1).

Figure1. Effects of long-term cold-water drink on serum AST, ALT and ALP levels. Data expressed as mean ± SEM, n 
= 6. * Indicates values significantly different from control group (P < 0.05). ALT, Alanine transaminase; AST, Aspartate 
aminotransferase; ALP, Alkaline phosphatase. CW2M, two- month ice-cold water; CW3M, three-month ice-cold water

Effects of long-term ice-cold water drink on 
fasting blood sugar, serum lipids and lipopro-
teins
TGs (101.5 ± 8.8 mg/dl) and VLDL-C (20.3 ± 
1.7 mg/dl) levels significantly (p < 0.001) in-

creased in CW3M group compared to control 
group (48 ± 8.1 and 9.6 ± 1.6 mg/dl respective-
ly). LDL-C level however, significantly (p < 
0.05) decreased in CW3M (10.8 ± 3.1 mg/dl) 
compared to control animals (28.8 ± 4.8 mg/dl). 

 



110 Traditional & Integrative Medicine 2020, Vol. 5, No. 3

http://jtim.tums.ac.ir

Long-term ice-cold water drink and liver S. A. G. Saeedy et al.

Fasting blood sugar statistically (p < 0.05) low-
ered in CW3M (123.5 ± 5.9 mg/dl) compared 
with control animals (184.2 ± 20.4 mg/dl). No 

significant differences in TC and HDL-C levels 
found between various groups (Fig. 2).

Figure2. Effects of long-term ice-cold water drink on serum FBS, TGs, TC, HDL-C, LDL-C, and VLDL-C levels. Data 
expressed as mean ± SEM, n = 6. *, ** and *** significantly different from control group (P < 0.05, P < 0.01 and P < 
0.001 respectively). TGs, Triglycerides; TC, Total cholesterol; HDL-C, High-density lipoprotein cholesterol; LDL-C, 
Low-density lipoprotein cholesterol; VLDL-C, very low-density lipoprotein cholesterol; CW2M, two-month ice-cold 

water; CW3M, three-month ice-cold water.

Effects of long-term ice-cold water drink on liv-
er histology
Histological studies showed notable (mild to 
moderate) intracellular accumulation of lipid 

droplet, proliferation of Kupffer cells and ne-
crosis in cord hepatocytes of liver lobules in 
CW3M group. Mild changes were also found in 
CW2M animals (Fig. 3).

Figure3. Microscopic examination of the liver. (A) Liver in control rats shows normal hepatocyte architecture with no 
droplet formation, necrosis, cellular cords derangement. Normal Kupffer cell infiltration in sinusoidal wall can also be 
seen. (B) Liver in CW2M animals shows mild lipid droplet formation, Kupffer cell infiltration, hepatocellular necrosis 
and cellular cord derangement, (C) liver in CW3M animals show notable (mild to moderate) lipid droplet formation, 
Kupffer cell infiltration, hepatocellular necrosis and cellular cord derangement. Thick arrows show lipid droplet in the 
cytoplasm of hepatocyte; thin arrows show Kupffer cells in the sinusoidal wall; and circles show necrotic and cellular 

cords deranged areas. (H&E staining 40X).
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Discussion
Despite daily use of water in mammals, it’s he-
modynamic, autonomic and metabolic respons-
es have not been studied in detail [8]. The aim 
of the present work is to study probable role 
of long-term ice-cold water drink as a dietary 
lifestyle in NAFLD pathophysiology. NAFLD, 
like other metabolic-related diseases, has an in-
creasing prevalence [23,24] and is considered 
as a worldwide health threat [25,26]. To prevent 
and manage this burden, dietary and medical 
strategies are worth exploring [27]. 
The pathogenesis of NAFLD is often interpret-
ed with a ‘double-hit’ hypothesis. The first hit 
is lipid accumulation in the hepatocytes which 
is hallmarked with hepatocellular micro-vesi-
cle formation in our study. The ‘second hit’ is 
followed by pro-inflammatory mediators and 
reactive oxygen species (ROS) formations and 
resultant inflammatory responses, hepatocellu-
lar injury, necrosis and fibrosis [28]. All these 
changes have been clearly tracked by Kupffer 
cells infiltration, necrosis and cellular cord de-
rangement reported in the present study. 
Proofs are growing for Kupffer cells criti-
cal contribution in NAFLD progression [29]. 
Kupffer cells can both be activated via gut flora 
modifications, gut barrier malfunction and toxic 
lipid internalization of the adjacent hepatocytes 
or Kupffer cells themselves. This activation 
also plays a role in insulin resistance, fibrosis 
development and inflammation [30]. 
Lipid metabolism in the liver is generally al-
tered in NAFLD [29] and regarded as a major 
risk factor for dyslipidemia [20]. TGs accumu-
lation in hepatocytes is the landmark of NAFLD 

due to an imbalance between its synthesis and 
removal. This is also reflected with significant 
increase in serum TG and VLDL-C levels in 
this study. 
The liver is the source for elevated ALP level 
in most patients. Increased osteoblastic activity 
seen in bone disorders is the next likely con-
tributor [31]. NAFLD could be presented with 
isolated ALP elevation instead of typical eleva-
tion of ALP with aminotransferases [32]. Serum 
aminotransferases may be normal in individuals 
with NAFLD [33]. Elevated ALP and accompa-
nying liver injury may testify its hepatic source 
in this study.
Although the precise mechanism of these ef-
fects needs further studies, a presumptive one 
can be activation of the gastrointestinal thermo-
receptors [10]. Cold receptor activation of the 
GI tract inhibits vasopressin release from the 
paraventricular nucleus of the hypothalamus 
[15].
The best characterized metabolic actions of 
vasopressin are related to the liver, an organ 
rich with its receptors (5 times greater than the 
kidney). Glycogenolysis is probably the most 
prominent of the vasopressin hepatic effects, 
though it also enhances gluconeogenesis and 
glycolysis, and reduces lipogenesis and keto-
genesis [34]. Vasopressin can also inhibit tissue 
lipase by its direct effect [35]. Conceivably, re-
duced vasopressin release in long-term ice-cold 
water drink resulted in tissue lipolysis and hy-
pertriglyceridemia and lipogenesis in the liver 
with respective mild to moderate steatosis in 
test groups. Serum glucose can also decrease 
following reduced vasopressin serum level due 
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to reduced hepatic glycogenolysis and glucone-
ogenesis.
It seems that long-term ice-cold water, as stated 
hundreds of years ago by Avicenna, has dele-
terious functional and structural effects on the 
liver. However, we believe the present work is 
a preliminary study and should be followed by 
further investigations to clarify the relationship 
between ice-cold water drink and liver func-
tions and structure changes.
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