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EDITORIAL 
MONKEYPOX ―A LOOMING HEALTH CRISIS FOR THE WORLD 

Tehseen Iqbal 
RYK Medical & Dental College, Rahim Yar Khan, Pakistan 

Monkeypox is similar to Small Pox but it is less severe and less infectious than the small pox. Smallpox 
vaccination was approximately 85% protective against monkeypox. Ninety-two confirmed cases and 
twenty-eight suspected cases of Monkeyvirus were reported to World Health Organization between 13 
to 21 May 2022 in 12 non-endemic countries in Europe, the United States, and the United Kingdom. 
Monkeypox is still a serious illness because of its complications, from the effects of sepsis and 
encephalitis to blindness from eye infections; nearly one in ten people infected are at risk of fatal 
complications, especially among young children. There is no diagnostic facility available in Pakistan. 
Health professionals should rely on their clinical skills to diagnose monkeypox. Flu-like symptoms are 
common initially, ranging from fever and headache to shortness of breath. One to 10 days later, a rash 
can appear on the extremities, head or torso that eventually turns into blisters filled with pus. 
Monkeypox produces smallpox-like skin lesions. Macules leading to Papules, Vesicles, Pustules, 
Scabs, Rash resolved in 14 to 21 days. An antiviral agent known as Tecovirimat is licensed by the 
European Medical Association (EMA) for monkeypox in 2022. 
Keywords: Monkeypox, non-endemic spread, Tecovirimat 

Pak J Physiol 2022;18(2):1‒2 

Like COVID-19, monkeypox is a viral disease but it is 
threatening because it is spreading outside its endemic 
areas. Monkeypox is similar to smallpox but it is less 
severe and less infectious than the smallpox. In light of 
monkeypox cases spreading across Europe, the United 
States, and the United Kingdom, Pakistan’s top health 
body Monday, May 23, 2022, issued an alert regarding 
the virus. National Institute of Health (NIH), Pakistan 
puts federal and provincial health officials on high alert. 
Instructions have been issued to monitor passengers at 
airports and other entrances. Medical staff is advised to 
be careful around monkeypox patients.1 

Historical data have indicated that smallpox 
vaccination with vaccinia virus (another orthopoxvirus) 
was approximately 85% protective against monkeypox. 
However, following the eradication of smallpox in 
1980, routine vaccination against smallpox was no 
longer indicated, and it has now been four decades since 
any orthopoxvirus vaccination program.2 

Twelve non-endemic countries reported to 
WHO (between 13 to 21 May 2022) 92 confirmed cases 
and 28 suspected cases of monkeyvirus. Monkeypox is 
a viral zoonosis (a virus transmitted to humans from 
animals) with symptoms very similar to those seen in 
the past in smallpox patients, although it is clinically 
less severe. It is caused by the monkeypox virus which 
belongs to the orthopoxvirus genus of the Poxviridae 
family. There are two clades of monkeypox virus: the 
West African clade and the Congo Basin (Central 
African) clade. The name monkeypox originates from 
the initial discovery of the virus in monkeys in a Danish 
laboratory in 1958. The first human case was identified 
in a child in the Democratic Republic of Congo in 1970. 
Monkeypox is usually self-limiting but may be severe in 

some individuals such as children, pregnant women, or 
persons with immune suppression due to other health 
conditions. Human infections with the West African 
clade appear to cause less severe disease compared to 
the Congo Basin clade, with a case fatality rate of 3.6% 
compared to 10.6% for the Congo Basin clade.3 

Nonetheless, monkeypox is still seen as a 
serious illness that carries a risk of ongoing 
complications, from the effects of sepsis and 
encephalitis to blindness from eye infections. Without 
medical treatment or vaccination, nearly one in ten 
people infected are at risk of fatal complications, 
especially among young children. Compared with the 
horrors of smallpox, which at its peak claimed nearly 
one out of every three infected, monkeypox might not 
seem that bad. But if we’ve learned anything from the 
COVID-19 pandemic, it’s better to be safe than sorry 
when it comes to potentially deadly viruses.4 

A definitive diagnosis is accomplished via 
polymerase chain reaction (PCR) testing of skin lesions 
or fluid. Although Federal Ministry of Health and 
National Institute of Health refute reports of suspected 
cases of monkeypox in Pakistan, the officials of the 
federal health ministry said that currently there is no 
facility of diagnostic tests for the virus is present in the 
country.5 So, health professionals should rely on their 
clinical skills to diagnose monkeypox cases. History of 
travel from the endemic areas or from the countries now 
infected is important. The virus can be transmitted 
through contact with an infected person or animal or 
contaminated surfaces. Researchers believe that human-
to-human transmission is mostly through inhalation of 
large respiratory droplets rather than direct contact with 
bodily fluids or indirect contact through clothes. 

http://www.pps.org.pk/PJP/18-2/Editorial.pdf
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Monkeypox Skin Lesions 

Typically, the virus enters the body through 
broken skin, inhalation, or the mucous membranes in 
the eyes, nose or mouth. After the virus enters the body, 
it starts to replicate and spread through the body via the 
bloodstream. Symptoms usually don’t appear until one 
to two weeks after infection. Monkeypox produces 
smallpox-like skin lesions, but symptoms are usually 
milder than those of smallpox. Flu-like symptoms are 
common initially, ranging from fever and headache to 
shortness of breath. One to 10 days later, a rash can 
appear on the extremities, head or torso that eventually 
turns into blisters filled with pus. Overall, symptoms 
usually last for 2 to 4 weeks, while skin lesions usually 
scab over in 14 to 21 days.5 Lymphadenopathy is a 
distinguishing feature of monkeypox from smallpox. 
Enanthem –the first lesions to develop are on the tongue 
and in the mouth. Macules develop after 1−2 days, 
Papules in next 1−2 days, Vesicles in another 1−2 days, 
and Pustules in next 5−7 days. Scabs remain for the next 
7−14 days and then the Rash is resolved. Pitted scars 
and/or areas of lighter or darker skin may remain after 
scabs have fallen off. Once all scabs have fallen off a 
person is no longer contagious.7 

According to the World Health Organization, 
clinical care for monkeypox should be to alleviate 
symptoms, manage complications, and prevent long-
term sequelae. Adequate nutritional status can be 
maintained throughout consumption of fluids and 

healthy food.  An antiviral agent known as Tecovirimat 
that was developed for smallpox was licensed by the 
European Medical Association (EMA) for monkeypox 
in 2022. However, Tecovirimat is not yet widely 
available. A monkeypox outbreak can be controlled 
with the help of smallpox vaccine, Cidofovir, 
Tecovirimat (ST-246) and Vaccinia Immune Globulin 
(VIG).8 Probably none of these treatments are available 
in Pakistan. 
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ORIGINAL ARTICLE 
ROLE OF ASCORBIC ACID ON ALTERED LEVELS OF 

TESTOSTERONE DURING CHEMOTHERAPY 
Aisha Abdul Haq, Maria Khan*, Dur-e-Shewar Rehman**, Rabia Rehan***, 

Shumaila Khalid†, Durr e Sameen†† 
Department of Anatomy, Dow Medical College, *Dow Ishrat Ul Ebad Khan Institute of Oral Health Sciences, Dow University of Health Sciences, 
Karachi, **King Saud bin Abdulaziz University for Health Sciences, Riyadh, Kingdom of Saudi Arabia, ***Dow International Medical College, 

†Department of Pharmacology, Dow Medical College, ††Department of Pathology, Dow Ishrat Ul Ebad Khan Institute of Oral Health Sciences, 
Dow University of Health Sciences, Karachi, Pakistan 

Background: Improvement in quality of life of cancer survivors has become a significant healthcare 
dilemma. Despite having important part in the support of spermatogenesis, few studies are conducted on 
Leydig cells secretion, i.e., testosterone which has an important role in fertility The objective of this 
study was to demonstrate altered serum testosterone levels by anthracycline on mice and to study 
changes observed in serum level in DOX affected mice with co-administration of antioxidant ascorbic 
acid. Methodology: Male mice aged five weeks were used. The animals were divided into 3 groups of 
10 mice each. Animals in Group A were given normal saline intraperitoneally (IP). Group B mice were 
given DOX IP alone. In Group C, DOX and ascorbic acid were given orally. Blood samples were taken 
through cardiac puncture. Sera from centrifuged blood were tested for testosterone using ELISA kit. 
Results: Serum testosterone levels were 1.61±1.77, 6.22±4.78, and 1.98±0.45 ng /ml in Group A, B and 
C respectively. The administration of DOX induced significant increase (p<0.001) in the serum 
testosterone level. However co-administration of Ascorbic acid with DOX significantly reduced 
(p<0.001) the serum testosterone level. Conclusion: Ascorbic acid has a role against DOX induced 
altered hormonal levels. 
Keywords: Doxorubicin, Ascorbic acid, Mice, Antioxidant, Testosterone 

Pak J Physiol 2022;18(2):3‒5  

INTRODUCTION 
Usage of chemotherapeutic agents is significantly 
growing owing to increased number of malignancies 
globally.1 Despite their side effects on healthy 
proliferating cells, their use has become a cornerstone in 
the process of treatment and has proven to be mitigating 
effect on cancer complications.2 Doxorubicin is a widely 
used chemotherapeutic drug that belongs to 
anthracycline family. From the very beginning after its 
induction in cancer guideline therapy, it has been 
approved and used as a first-line treatment of various 
cancers both in adults or children.3 Its mechanism of 
action is chiefly by inhibiting enzymes crucial for DNA 
replication.4 In addition, it produces free radicals that 
overcame the antioxidant capacity of cells resulting in 
cytotoxicity.5 

Experiments have supplied enough evidences 
regarding doxorubicin’s adverse effect on testicular 
tissue through inducing oxidative stress and apoptosis.6 
Its intercalation into strands of DNA results in double-
strand breaks and causes cell death7,8 in dividing 
testicular germ cells9. The very high vulnerability of 
sperms and testes to doxorubicin induced damage might 
be due to a weak anti-oxidant defence mechanism in 
testicular tissue.10 Earlier studies have demonstrated 
pivotal role of antioxidants in improving the quality of 
the different testicular parameters in infertile males.11 
Keeping this in mind, various antioxidants have been 

administered to save the testes from doxorubicin 
injury.12,13 

Ascorbic acid is from the free radical 
scavenging group of antioxidants.14,15 Ascorbic acid has 
been observed to decline the chances of development of 
breast cancer.16 As one of the strong antioxidant, 
ascorbic acid seems to produce hurdles in DOX 
producing free radical formation.17 Marked deficiency 
in the levels of antioxidants including ascorbic acid was 
seen in the therapy of DOX in breast cancer. It increases 
the tendency of healthy tissues to radical damage, 
proving the call to use antioxidants along with 
anticancer therapy.18 The objective of this study was to 
see the levels of testosterone in DOX affected animals 
with co-administration of ascorbic acid. 

MATERIAL AND METHODS 
This study was conducted at the Institute of Basic 
Medical Sciences, Dow University of Health Sciences 
(DUHS) Karachi with the approval from the Local 
Research Committee, Institutional Review Board (IRB), 
Funding Committee of Dow University and Board of 
Advance Studies Review (BASR) DUHS Karachi. 

Only health thirty male mice of NMRI Strain 
which were 5 weeks old and caged in animal house of, 
under normal circadian rhythm. The animals were 
divided into 3 groups of 10 each. Group A (Control 
Group) with 10 male mice received 1 ml of normal 
saline IP on 6th, 8th and 10th day of the study. In Group B 

http://www.pps.org.pk/PJP/18-2/Aisha.pdf
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(DOX group) ,  animals  had  DOX in dosage of 0.003 
mg/g or 0.003 mg in 0.03 ml/gm body weight IP6 up to 
3 doses on 6th, 8th and 10th day of study (total cumulated 
dose 0.009 mg/gm). Group C (DOX+ascorbic acid 
group) animals received DOX in a dose of 0.003 mg/gm 
or 0.003 mg in 0.03 ml/gm body weight IP6 and 
ascorbic acid in dose of 0.5 mg/gm or 0.5 mg in 0.01 
ml/gm body weight per oral.19 DOX on 6th, 8th and 10th 
day of experiment, and ascorbic acid daily. 

After exposure, blood samples were collected 
via cardiac puncture from each mouse. They were run in 
serum testosterone rat/mouse ELISA kit by Demeditec 
DEV9911 Germany in Dow Diagnostic Researcj and 
Reference Laboratory, DUHS.  

One-way Analysis Of Variance (ANOVA) was 
used and then Tukey-Multiple Comparisons Post Hoc 
test was applied to check the pair-wise comparison at 5% 
level of significance (95% confidence interval CI). 

RESULTS 
The Mean±SD serum testosterone in the control group 
A was 1.61±1.77 ng/ml and in DOX group B it was 

6.22±4.78 ng/ml. When the means of control and DOX 
groups were compared, it showed the p-value 0.005 at 
95% Confidence interval. A significant increase was 
observed in the serum testosterone level in DOX 
group.  

Comparison between B and C, Mean±SD 
observed for serum testosterone group B was 
6.22±4.78 ng/ml whereas the Mean±SD observed in 
DOX+ ascorbic acid group was 1.98±0.45 ng/ml. The 
p-value for this comparison was 0.009 at 95% CI 
using Tukey-Multiple Comparisons Post Hoc test. A 
significant decrease was observed in the serum 
testosterone level in DOX+ascorbic acid group.  

Comparison between the A and C, the 
Mean±SD observed for serum testosterone in control 
group was 1.61±1.77 ng/ml whereas in DOX+ascorbic 
acid treated group the Mean±SD was found to be 
1.98±0.45 ng/ml. An insignificant increase was 
observed in the serum testosterone level in DOX+ 
ascorbic acid group. The p-value observed for this 
comparison was 0.958 at 95% CI (Table-1). 

Table-1: Comparison of mean serum testosterone levels in groups (ng/ml) 
95% Confidence Interval 

Groups Mean±SD Lower Bound Upper Bound 
Tukey HSD Post Hoc 

multiple comparisons test 
Control (A) 1.61±1.77 -7.88 -1.33 A vs B p=0.005* 
DOX (B) 6.22±4.78 0.9582 7.5218 B vs C p=0.009* 
DOX+ascorbic acid (C) 1.98±0.45 -2.9118 3.6518 C vs A p=0.958 

*Significant 

DISCUSSION 
The protective effects of ascorbic acid over other organs 
of the body have already been established. It seemed to 
have nullifying effect against the adverse actions of 
various substances including gamma irradiation, 
cadmium, mercury, other anthracyclines and organ 
phosphorous.20 Role of ascorbic acid in diseases is 
evident from various studies. Its beneficial part to health 
may be attributed to its immunomodulator activity along 
with antioxidant property.21 The potential of the healthy 
nutritional environment demonstrated on male 
reproductive tract in animals.22 Animals with deficiency 
of vitamin C show disturbed spermatogenesis process 
leading to hormonal imbalance.10 The significant change 
was observed between DOX treated and DOX+ 
ascorbic acid treated groups and insignificant change 
between control and DOX+ascorbic acid groups was 
noticed. 

Alteration in Leydig cells could lead to 
imbalance in hormones. Increased serum testosterone 
level in our study was in contrast with the findings by 
Ward et al23, who reported serum testosterone levels 
were not significantly affected by this chemotherapeutic 
treatment. Another study showed that doxorubicin 
caused a decrease in free testosterone and FSH levels, 
the later significantly increased as a result of pre-

treatment with rutin and/or hesperidin24 which was in 
contrast to both our and another study23. In another 
study vitamin C had significant effect on testosterone 
level and quality of sperm in gentamicin-induced Wistar 
rats25. The germinal cell, because of active division of 
mitosis and meiosis seems to be more susceptible to 
chemotherapy. It can be assumed that secretion of 
testosterone by Leydig cells remains active after 
treatment with chemotherapeutic agent26, but need to be 
further evaluated. 

CONCLUSION 
Change in level of serum testosterone is indicating 
increase number of Leydig cells by chemotherapeutic 
agent. At the same time alteration in levels after 
receiving ascorbic acid suggest that its effect on 
chemotherapeutic agent. 

RECOMMENDATION 
Clinical studies must be conducted to determine both 
the short-term and long-term impact of antioxidants, 
singly and in combination, on the efficacy of cancer 
chemotherapy and on the development of 
chemotherapy induced side effects especially their 
effect on hormonal levels and the mechanism of 
action through which they impact on the levels of 
hormone. 
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ORIGINAL ARTICLE  
COMPARISON OF DIET INDUCED METABOLIC SYNDROME WITH 

ARTIFICIALLY INDUCED METABOLIC SYNDROME IN A RAT MODEL 
Jawaria Ilyas, Noor Zahra*, Amer Hassan Siddiqui**, Komal Iqbal***, 

Rana Muhammad Yousaf***, Muniza Saeed*** 
Department of Physiology, Al-Aleem Medical College, Lahore, *Tehsil Headquarter Hospital, Sangla Hill, Nankana Sahib, **Pharmacology, 

***Physiology, Postgraduate Medical Institute/Ameer-ud-din Medical College, Lahore, Pakistan  

Background: Metabolic syndrome is an emerging health problem. The diets rich in fats and refined 
carbohydrates and monosodium glutamate are considered major risk factors for this emerging 
epidemic. The aim of this study was to determine whether high fat high carbohydrate (HFHC) diet, 
Monosodium glutamate (MSG) diet or their combination is faster/more potent inducer of MS. 
Methods: Twenty male Sprague Dawley rats were randomly divided into four groups. Group 1 was 
given normal rat chow, group 2 was given HFHC diet, group 3 was given MSG in diet and group 4 was 
given both HFHC and MSG in their diet for 20 weeks. Body weight, blood pressure, lipid profile and 
glycaemic indices were determined at the end of study. Results: After 20 weeks of study, HFHC and 
MSG groups showed full blown Metabolic syndrome (MS) with development of obesity, hypertension, 
hyperglycaemia and dyslipidemia. However, group 4 which was given combination diet did not 
develop features of MS. Conclusion: Both HFHC and MSG containing diets when given alone are 
potent inducers of MS in rat model rather than their combination. 
Keywords: Metabolic syndrome, high fat high carbohydrate diet, monosodium glutamate, obesity, 
hypertension, dyslipidemia, insulin resistance 
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INTRODUCTION 
Non-communicable diseases (NCD) have become a 
major cause of morbidity and mortality in today’s world 
in both developed and developing countries. Among 
these NCDs, Metabolic Syndrome (MS) has emerged as 
a global epidemic.1 Metabolic syndrome or syndrome X 
is a cluster of medical abnormalities characterized by 
presence of three or more of the following pathologies: 
hypertension, hyperglycaemia, dyslipidemia, obesity 
and insulin resistance.2 Other co-morbidities with MS 
include pro-thrombotic and pro-inflammatory states, 
non-alcoholic steatohepatitis, reproductive disorders and 
certain types of cancer.3 Patients with MS are at two 
fold increased risk of developing cardiovascular disease 
(CVD) and five fold increased risk of type 2 diabetes 
mellitus compared to normal people.4 

The prevalence of MS is rapidly increasing 
worldwide primarily due to sedentary lifestyles and 
unhealthy eating habits.5 Other contributing factors and 
mechanisms include insulin resistance, adipose tissue 
dysfunction, chronic inflammation, oxidative stress, 
circadian disruption, microbiota, genetic factors etc.6 
Strategies aimed at primary prevention are required to 
ameliorate its further rise as well as reduction of 
associated morbidity and mortality.3 

Studies have revealed that consumption of diet 
and beverages rich in fats and sugars is clearly 
responsible for increased incidence of MS. Saturated 
fats and sugars when taken together, become greater risk 
factor for development of MS than fats or sugars given 
alone.7,8 High fat high carbohydrate (HFHC) diet 

provides excess energy than needed in the body which is 
then stored in adipose tissue resulting in its expansion 
and inducing obesity. Increased adiposity is associated 
with generation of oxidative stress (OS) and local 
inflammatory changes. OS leads to impaired glucose 
tolerance and high insulin secretion from pancreas. 
Increased reactive oxygen species and generation of 
Angiotensinogen by adipose tissue are responsible for 
high blood pressure. HFHC diet also induces de novo 
hepatic lipogenesis.9  

Several epidemiological studies reveal the 
association of dietary consumption of the chemical 
Monosodium glutamate (MSG), also called Ajino moto, 
with metabolic disorders such as obesity, hypertension 
and metabolic syndrome. Its consumption is increasing 
worldwide as a flavour enhancer, in parallel with the 
epidemic of metabolic syndrome.10 It is a sodium salt of 
the naturally occurring amino acid L-glutamate which 
elicits a unique taste called ‘umami’.11 It increases the 
sapidity of food and produces a flavour which cannot be 
provided by other food additives.12 It is present in most 
processed foods, mostly hidden on ingredient labels and 
listed under other names. Chronic MSG intake may 
cause glutamate induced damage to arcuate nucleus, 
disrupting energy regulation axis. It leads to damage to 
leptin signalling through hypothalamus, causing leptin 
resistance, overweight and obesity.13 Chronic 
administration of MSG induces OS in experimental 
animals and changes metabolic and endocrine indicators. 
It induces hypertension due to excessive OS and renal 
sodium and water retention.11 It increases hepatic 
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gluconeogenesis resulting in hyperglycaemia which then 
causes increased insulin secretion. It also induces insulin 
resistance via induction of oxidative stress.14 

Being a rapidly emerging epidemic like 
disease, researchers are probing more into detailed 
mechanism of metabolic syndrome and strategies for its 
prevention. Animal models have a key role in 
understanding the disease pathophysiology. The aim of 
this study was to determine whether HFHC diet, MSG 
diet, or their combination is more potent inducer of MS. 

MATERIAL AND METHODS 
This was an experimental study. The protocols were 
approved by the Ethics Committee of PGMI, Lahore, 
and were conducted in accordance with the guidelines 
for animal care. The sample size was calculated at 90% 
power of study and 5% level of confidence. The 
calculated sample size was five in each group.15 
Twenty male Sprague Dawley rats aged 4–5 weeks, 
weighing 50–70 g were kept in a controlled 
temperature of 232 C under natural light and dark 
cycle, and were fed with standard Rat chow and water 
ad libitum for one week.  

After one week of Acclimatization, rats were 
randomly divided into 4 groups of 5 each with almost 
equal body weights and were placed on following diets 
for 20 weeks: 
Rats in Group-1 were fed with normal rat chow 
composed of 48% carbohydrates, 21% protein, 3% fat, 
5% fibre, 13% moisture, 8% ash and traces of calcium 
and phosphorus. Group-2 rats were fed with rat chow in 
which MSG was mixed in an amount of 5 g MSG/Kg 
body weight of rats and dose was adjusted per 100 gm 
diet.16 Rats in Group-3 were given rat chow in which 
HFHC diet was mixed. High fat diet consisted of 15% 
beef tallow (15 gm beef tallow in 100 gm rat chow), 1% 
cholesterol (1 gm cholesterol in 100 gm rat chow) and 
0.5% sodium deoxycholate (0.5 gm in 100 gm rat 
chow).17 High fructose diet consisted of 15% fructose 
(15 gm fructose in 100 ml water) in drinking water.2 
Group-4 rats were fed with rat chow in which both 
HFHC diet and MSG were mixed. 

Body weights of animals were measured 
weekly using a digital lab weighing scale. Blood 
pressure was measured at the end of the study on a non-
invasive blood pressure measuring system using a pulse 
transducer connected to PowerLab®. Measurements 
were considered valid only when 3 consecutive readings 
did not differ by more than 10 mmHg. After 12 hour 
overnight fasting, blood samples were taken from 
cardiac puncture using a disposable syringe with 26 
gauge needle under chloroform anaesthesia. After 30 
minutes, serum was separated by centrifuge at 3,000 
rpm, and stored at -20 C in serum cups.  

Total cholesterol (TC), triglycerides (TGs) and 
high density lipoproteins (HDL) were measured by 

Colorimetric method with spectrophotometer. Blood 
Glucose was measured by Oxidase method with 
spectrophotometer. Serum Insulin was measured with 
ELISA with rat insulin kit (Bioassay Technology 
Laboratory, China), using Sandwich ELISA technique. 
Serum LDL was calculated with formula: LDL 
cholesterol=TC-HDL-(TG/5). HOMA-IR was 
calculated with formula: 

HOMA-IR=Fasting InsulinFasting Plasma Glucose/405 

Data was analysed using SPSS-22. Normality 
of data was checked by Kolmogorov-Smirnov test. 
Normally distributed results were presented as 
MeanSD. One way ANOVA was applied for 
comparison among study Groups. Post Hoc Tuckey test 
was applied to analyse the differences of means among 
groups, and p0.05 was taken as statistically significant. 
RESULTS 
At the end of study, intergroup comparison by ANOVA 
showed significant difference among groups. Results of 
Post Hoc Tuckey test showed that rats in MSG and 
HFHC group exhibited a significant weight gain as 
compared to normal control (NC) group. However, 
body weight of HFHC+MSG group was significantly 
less than other groups. 

One-way ANOVA showed significant 
differences of blood pressure among groups. Post Hoc 
Tuckey test showed that both HFHC and MSG groups 
showed a significant increase when compared to NC 
although hypertension was developed more in HFHC 
than MSG group. There was no significant difference of 
HFHC+MSG group with NC Group. (Table-1). 

Lipid profile changes were variable in different 
groups at the end of the study, Serum Triglycerides 
(TG) changes being significant in HFHC group, Serum 
Cholesterol (TC) changes significant in combination 
group while Serum HDL was significantly decreased in 
MSG rats. (Figure-1). 

Fasting Hyperglycaemia was clearly 
developed in MSG and HFHC groups only showing 
significantly higher values when compared to NC. MSG 
administration induced higher serum insulin levels both 
alone as well as in combination diet although results 
were statistically non-significant while HFHC diet did 
not induce any remarkable change in insulin level. 
Results of HOMA-IR indicate that MSG induces higher 
insulin resistance. (Table-2). 

Table-1: Effects of different diets on body weight 
and BP of rats (n=5 in each) 

Groups Body Weight (gm) Blood Pressure (mmHg) 
NC 26233.98 99.806.61 
MSG 33531.81 *(p=0.006) 124.806.18 *(p=0.000) 
HFHC 335.6029.1 *(p=0.005) 133.606.84 *(p=0.000) 
HFHC+MSG 191.4018.88 *(p=0.007) 109.803.11 

*Post Hoc Tuckey test
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Figure-1: Effects of different diets on Lipid profile of rats 

*p<0.05 as compared to NC (Analysed by Post Hoc Tuckey test)

Table-2: Effects of different diets on Glycaemic 
indices of rats 

Groups 
Fasting Glucose 

(mg/dl) 
Serum Insulin 

(mIU/L) HOMA-IR 
NC 84.208.58 1.341.11 0.27.23 
MSG 157.6027.75 

*(p=0.000) 3.042.80 1.171.16 

HFHC 152.808.46 
*(p=0.000) 1.780.27 0.67.14 

HFHC+MSG 81.808.16 3.080.31 0.61.07 
*Post Hoc Tuckey test 

DISCUSSION 
Metabolic syndrome (MS) is a multifactorial condition 
with alarming rate of prevalence nowadays. To evaluate 
the pathophysiology of MS in humans, it is crucial to 
establish appropriate experimental animal models which 
mimic the disease state in humans.18 Among rodents, 
rats and mice are the most common animal models for 
investigating MS and in rats, Sprague Dawley rats and 
Wister rats are most commonly used rodents.19  

Several previous studies have shown the 
successful induction of MS in animal models with 
HFHC diet and also with MSG.7,20 Literature review 
reveals different experiences in success of induction, 
duration of induction and parameters affected by MS.18 
we have conducted this study to evaluate whether diet, 
chemical or a combination of both is potent and faster 
inducer of MS in rat model. 

There was significant development of obesity, 
hypertension, fasting hyperglycaemia and hyper-
triglyceridemia in rats fed HFHC diet as compared to 
NC rats. Our results confirm the findings of several 
other researchers.17,21,22 However, the levels of serum 
insulin and HOMA-IR although raised from NC rats 
were statistically not significant which could be due to 
shorter duration of study. Pathophysiological changes 
by HFHC diet include excess energy in body resulting 
in high serum free fatty acid concentration, hypertrophy 
of adipose tissue, increased oxidative stress and insulin 
resistance among various other mechanisms.21,22  

We observed that MS was also successfully 
induced in MSG rats with development of significant 
obesity, hypertension, hyperglycaemia, and decreased 

HDL levels as compared to NC rats. The values of 
serum insulin and HOMA-IR although higher than 
NC and HFHC groups but were statistically non-
significant which may be due to our rat model in 
which adult rats were recruited for study, shorter 
duration of study or insufficient dose of MSG. Our 
results also coincide with previous human as well as 
animal studies.10,13,23–25 Increased oxidative stress, 
changes in fat and carbohydrate metabolism, sodium 
and water retention by kidney might be possible 
mechanisms responsible for development of MS by 
monosodium glutamate.11 Another research shows 
that MSG is linked with obesity, type II diabetes, and 
the metabolic syndrome as its intake in healthy 
Chinese adults correlates with the resulting increase in 
body mass index regardless of energy intake.23 

On the contrary, rats of combination group 
(HFHC+MSG) showed reduction in weight gain when 
compared with NC rats, which might be due to the 
decreased food intake (noted by leftover food pellets 
after 24 hrs) and early satiety. Our findings coincide 
with findings of Onaolapo et al.26 who noted that 
obesity, hyperglycaemia and dyslipidemia did not 
develop with this combination diet. These findings are 
contrary to the findings of some other researchers.27 

This may be due to antagonistic effects of both diets 
when given in combination as demonstrated by Su et 
al28 in their research on growing pigs. They observed 
antagonistic effects of both diets on most fatty acid 
receptors in gut wall resulting in reduced activity of 
most fatty acid receptors and resultant altered lipid 
metabolism. The effects of this combination diet may 
also be due to less food consumption and early satiety, 
reduction in lipid peroxidation and possible 
interaction between the diets altering the expression of 
lipid metabolizing genes.26 

CONCLUSION  
HFHC diet and diets containing MSG when given 
individually, are effective inducers of MS in rat model 
and may be considered for induction of MS in 
experimental animals. Combination model failed to 
induce features of MS. 
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EFFECT OF RAMADAN FASTING ON POST-EXERCISE HEART RATE 

RECOVERY AT TWO MINUTES AND BODY COMPOSITION IN 
HEALTHY MALE ADULTS 
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Hania Ahmer***, Hania Naveed† 

Department of Pharmacology, *Biochemistry, **Physiology,  ***Student, †Pathology, 
Shifa College of Medicine, Shifa Tameer-e-Millat University, Islamabad, Pakistan 

Background: The effects of Ramadan fasting on weight loss are well-known but its effects on heart 
rate recovery after 2 minutes (HRR2) have not been investigated. The present study aims to observe the 
effects of Ramadan fasting on body composition variables and post-exercise heart rate recovery after 
two minutes of rest. Methods: A prospective, observational study was conducted from April 2019 to 
July 2020. Sixty-four healthy male participants aged 26 to 53 years were enrolled on the first day of the 
fasting in the Islamic month of Ramadan and were followed up for two weeks. Baseline anthropometric 
measurements and body composition measurements were recorded on day 1 of Ramadan in a fasting 
state. Peak heart rate and heart rate recovery were recorded immediately after exercise and after two 
minutes of rest. Blood pressure was also recorded after cessation of exercise. After fourteen days of 
fasting, anthropometric measurements and aforementioned readings with repeat exercise protocol were 
recorded. Results: Mean BMI, waist circumference and body fat ratio of the study participants reduced 
significantly after fourteen days of Ramadan fasting. The resting heart rate of the study participants was 
significantly reduced from 74.5±9.7 to 68.4±10.7 bpm (p<0.001). HRR2 of rest significantly increased 
from 22.9±11.7 to 30.3±13.7 bpm (p=0.001). None of the smokers showed an improvement in heart 
rate recovery after two minutes of rest. Conclusion:  Ramadan fasting resulted in significant 
improvement in body fat ratio,  BMI, waist circumference and heart rate recovery after two minutes of 
rest in healthy adult males. 
Keywords: BMI, body composition, fasting, heart rate recovery 
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INTRODUCTION 
Fasting has recently generated great interest to combat 
obesity as a feasible and sustainable strategy as it has 
shown healthy weight loss with the preservation of 
muscle mass. There are many variations of fasting 
which allow normal food and drink consumption in 
eating windows interposed by periods of energy 
restriction or fasting to create a state of negative 
energy balance for weight loss.1,2 Moreover, 
accelerated fat loss is associated with several 
advantages such as improvement in insulin sensitivity, 
blood sugar, systolic and diastolic blood pressure, total 
serum cholesterol, inflammatory biomarkers and low-
density lipoprotein (LDL).3,4 There are many 
approaches for intermittent fasting such as 5:2 
modified fasting regimens, alternate day fasting, time-
restricted feeding, and religious fasting. One popular 
version of this approach is the 16:8 fasting protocol 
with an eating window of eight hours and abstinence 
from food for 16 hours per day.5,6 

Fasting is also observed as a religious duty in 
some cultures and religions. Fasting for 29‒30 days is 
observed by Muslims throughout the world in the lunar 
month of Ramadan and depending on the season and 
geographical location of the country, fasting duration 
can fluctuate from 11 to 22 hours.7 Though the 

principle of energy restriction employed by 
intermittent fasting is not applicable in Islamic fasting, 
however time-restricted feeding during Ramadan can 
lead to changes in metabolic and cardiovascular 
parameters.8 

The effect of Ramadan fasting on overall 
health may be assessed by many simple and 
noninvasive tools such as body mass index (BMI) and 
body fat ratio (BFR). Post-exercise heart rate recovery 
(HRR) is another simple and non-invasive method to 
assess cardiac health by the speed of recovery of heart 
rate back to normal in a given time after exercise. An 
abnormal heart rate recovery is defined as less than 12 
beats/min (bpm) or less than 22 bpm at 1 and 2 min 
respectively.9 Studies have shown that a decrease in 
body fat ratio by dietary programs leads to 
improvement in resting heart rate and post-exercise 
HRR.10,11 Previous literature has suggested the effect 
of Ramadan fasting on body composition, biochemical 
variables, blood pressure and heart rate variability, but 
to the best of our knowledge, the effect of fasting on 
HRR2 in healthy volunteers has not been evaluated 
yet.12‒15 Fasting might prove to be a noninvasive 
strategy for the improvement of  HRR2 and could be 
employed to improve the overall health of 
cardiometabolic patients.  
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The objective of our study was to investigate 
the effect of Ramadan fasting on weight loss, fat loss 
and post-exercise heart rate recovery as a non-invasive 
indicator of cardiovascular health. 

METHODOLOGY 
This was a prospective observational study and 
carried out in the lunar month of Ramadan. Ethical 
approval was sought from Institutional Review Board 
and Ethics Committee (IRB#903-178-2017) and 
complied with the ethical standards laid down by the 
Helsinki declaration of 1964 and its later amendments. 
Sixty-four faculty and staff male members from our 
university who fasted in the month of Ramadan 
volunteered for this study. Written informed consent 
was obtained from all study participants. Participants 
with hypertension, diabetes mellitus, cardiovascular or 
respiratory disorders or any other disorder susceptible 
to sudden weight loss or gain in body weight in the 
past three months were excluded from the study on 
initial interviews. The participants were enrolled on 
the first day of the fasting lunar month and were 
followed up for two weeks after recording baseline 
data. We did not recruit any female participants in this 
study as Muslim females do not fast during the 
menstrual phase of the menstrual cycle and there was 
a possibility of many female participants 
discontinuing fasting during the study period.   

We took baseline anthropometric 
measurements of every male participant such as 
weight, height, waist circumference and BMI on the 
first day of fasting in fasting state. Body composition 
measurements such as body fat, lean muscle mass and 
weight of each participant were recorded by a leg-to-
leg bioelectrical impedance commercial glass body 
composition analyzer (Beurer living glass diagnostic 
scale BG-42). Height was measured with the help of a 
vertical stadiometer. BMI was calculated using the 
formula of body weight (Kg)/height (m)2. Participants 
were categorized into three groups: 18.5–22.9 Kg/m2 
(normal weight), 23–27.5 Kg/m2 (overweight) and 
≥27.5 Kg/m2 (obese) according to WHO 
recommended BMI cut-off points for Asians.16 Waist 
circumference was measured in Cm to the nearest 
decimal by using a tape measure. 

Systolic and diastolic blood pressure, resting 
heart rate was measured before exercise. Fitbit Charge 
3 device was used for continuous monitoring of heart 
rate before and after exercise. Details of the exercise 
protocol have been mentioned in our previously 
published findings from the same study project in 
which we have reported the association of HRR2 with 
body composition variables.17 The participants were 
asked to stop walking and take a rest in case they 
experienced breathlessness, palpitations, leg cramps 
and dizziness. The peak heart rate of participants was 

recorded immediately after exercise and after two 
minutes. Blood pressure was also recorded after 
cessation of exercise. HRR2 was calculated by 
measuring the difference between the peak heart rate 
immediately post-exercise and after resting for two 
minutes. A difference of less than 22 bpm after two 
minutes was considered as an impaired heart rate 
recovery.9 

According to the Islamic calendar based on 
the lunar cycle average duration of fasting was 16 
hours per day in Ramadan in Pakistan in the year 
2019. Subjects consumed food without calorie 
restriction in the eating window of non-fasting eight 
hours per day. After fourteen days of fasting weight, 
height, waist circumference, BMI and body 
compositions were measured again. The exercise 
protocol was repeated and all the readings of blood 
pressure, resting heart rate, peak heart rate and HRR2 
were recorded. 

Collected data were analyzed using 
Statistical Package for Social Sciences (SPSS-23) 
program. Shapiro-Wilk test was applied to data for 
normality. Students’ t-test and Wilcoxon signed-rank 
test were applied for comparison between different 
groups for normally distributed data and non normally 
distributed data respectively. Continuous variables 
were specified in Mean±SD. Categorical variables 
were described as frequencies, percentages and 
computed by Chi-square and Fisher’s exact test 
considering p≤0.05 as statistically significant. 

RESULTS 
All the recruited participants completed the fasting for 
fourteen days and there were no dropouts. The mean 
age of the participants was 35.5±6.6 years. There was 
a statistically significant decrease in weight, BMI, 
waist circumference, body fat ratio, blood pressure, 
and resting heart rate. There was a statistically 
significant increase in HRR2 after two weeks of 
fasting. Effects of fasting on baseline parameters and 
pre and post-exercise variables are shown in Table-1. 

There was a significant increase in the HRR2 
of all participants but the recovery was more 
pronounced in participants with BMI <23.  
Improvement in HRR2 in participants with body fat 
ratio <25 and moderate physical activity was 
statistically significant. Changes in heart rate recovery 
after fourteen days of fasting according to baseline 
body composition variables and level of physical 
activity are summarized in Table-2. 

Body fat ratio <25 and non-smokers showed 
a significant association with the increase of ≥20 bpm 
in HRR2. Association of HRR2 less and more than 20 
beats per minute with body fat ratio, BMI, smoking 
and physical activity are shown in Table-3. 
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Table-1: Bodyweight, body composition variables, blood pressure, HRR on 1st day and 14th day of  fasting 

Variables 
1st day of fasting 

(Mean±SD) 
14th day of fasting 

(Mean±SD) 
Percent change from 

baseline p 
Weight (Kg) 74.5±11.5 73.2±11.3 -1.7 <0.001* 
BMI (Kg/m2) 25.4±3.9 24.9±3.8 -1.9 <0.001* 
†Waist circumference  (Cm) 94.4±10.4 91.1±8.2 -3.5 <0.001* 
†Body fat (%) 26.1±7.1 22.7±6.4 -13 <0.001* 
Systolic BP (mmHg) 121.6±12.3 116.3±6.2 -4.4 0.001* 
†Diastolic BP (mmHg) 83.6±8.7 79.1±8.1 -5.4 ˂0.001* 
Mean BP (mmHg) 102.6±9.6 97.7±6.1 -4.8 <0.001* 
†Resting HR (bpm) 74.5±9.7 68.4±10.7 -8.2 <0.001* 
Peak HR after exercise (bpm) 98.9±10.0 98.2±11.8 -0.7 0.62 
†HR after 2 mins of rest (bpm) 76.0±12.87 67.88±13.49 -10.68 < 0.001* 
HRR2 (bpm) 22.9±11.7 30.3 ± 13.7 +32.3 0.001* 

BMI: Body Mass Index, BP: Blood Pressure, HR: Heart Rate, HRR2: Heart Rate Recovery after two minutes, *Significant, †Wilcoxon signed-rank test 

Table-2: Changes in HRR2 after fourteen days of fasting according to  body composition variables and 
physical activity 

Variables 
Participants 

n (%) 

HRR on 1st day of 
fasting 

(Mean±SD) 

HRR on the 14th 
day of fasting 
(Mean±SD) 

Percent change 
from baseline p 

BMI ˂23  
BMI ≥23  

22 (34.4) 
42 (65.6) 

20.7±11.0 
24.1±12.0 

30.7±12.2 
30.1±14.5 

48.3 
24.9 

0.008* 
0.026* 

BMI ˂25   
BMI ≥25   

30 (46.9) 
34 (53.1) 

20.6±12.2 
25±10.9 

30.7±11.1 
29.9±15.7 

49.0 
19.6 

0.002* 
0.096 

Fat ˂25†  
Fat  ≥25† 

22 (34.4) 
42 (65.6) 

19.5±11.0 
24.8±11.7 

33.7±10.7 
28.5±14.8 

72.8 
14.9 

<0.001* 
0.155 

Sedentary lifestyle 36 (56.3) 22.6±10.9 27.6±14.6 22.1 0.084 
Moderate physical activity 18 (28.1) 24.8±14.8 34.6 ±9.9 39.5 0.004* 
Regular physical activity 10 (15.6) 21.0±8.0 32.6 ±14.9 55.2 0.119 

*p<0.05, †Wilcoxon signed-rank test 

Table-3: Increase in HRR2<20 bpm and ≥20 bpm in participants with different BMI, body fat ratio, smoking 
and physical activity status 

Variables 
Increase in HRR2 <20 bpm 

(n=46), n (%) 
Increase in HRR2 ≥20 bpm 

(n=18), n (%) p 
BMI <23 
BMI ≥23 

14 (21.9) 
32 (50) 

8 (12.5) 
10 (15.6) 

0.289 

BMI <25 
BMI ≥25 

20 (31.3) 
26 (40.6) 

10 (15.6) 
8 (12.5) 

0.384 

Body fat ratio <25 
Body fat ratio ≥25 

12 (18.8) 
34 (53.1) 

10 (15.6) 
8 (12.5) 

0.026* 

Non smokers†  
Smokers 

36 (56.3) 
10 (15.6) 

18 (28.1) 
0 

0.031* 

Sedentary lifestyle 
Moderate physical activity 
Active lifestyle 

26 (40.6) 
14 (21.9) 

6 (9.4) 

10 (15.6) 
4 (6.3) 
4 (6.3) 

 
0.590 

*p<0.05, †Fisher’s exact test 

DISCUSSION 
Intermittent fasting has shown success as a potential 
strategy for weight loss and fat reduction.1 Several trials 
to evaluate the effects of fasting in humans have shown 
promising results as fasting preserves muscle mass and 
has an overall positive effect on body composition 
variables and heart rate variability.5,14 In this study we 
investigated the effect of Ramadan fasting on body 
composition variables and post-exercise heart rate 
recovery as a non-invasive indicator of cardiovascular 
health. Overall, Ramadan fasting had a significant 
impact on the mean BMI, waist circumference,  body fat 
ratio and HRR2 of our study participants. Heart rate 
recovery after two minutes of rest significantly 
increased from 22.9±11.7 to 30.3±13.7 bpm (p=0.001). 

The results of our study showed that fasting 
greatly helped in weight loss and reduction in body fat 
and resulted in a significant increase in heart rate 
recovery in most of the participants without any attempt 
to influence physical activity and diet patterns. We 
observed a significant decrease in the mean weight, 
BMI, body fat ratio and waist circumference of all study 
participants who fasted for fourteen days. Our findings 
are in agreement with previous similar studies which 
have reported significant weight loss and reduction in 
body fat ratio and waist circumference after few days of 
fasting.18,19 

There was significant improvement in 
cardiovascular variables including systolic blood 
pressure, diastolic blood pressure, resting heart rate and 
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HRR2. Our findings are in contrast to a recent study 
conducted in Turkey to observe the effect of Ramadan 
fasting which did not show significant improvement in 
resting heart rate and blood pressure.18 Similarly a study 
conducted in Ajman, UAE also reported a decrease in 
weight and BMI but did not show significant changes in 
systolic and diastolic blood pressures which could be 
due to the recruitment of patients with metabolic 
syndrome.20 However, a recent metaanalysis of 70 
studies measuring the effect of Ramadan fasting 
reported consistent albeit transient reduction in weight 
and body composition.19 

To our knowledge, the effect of fasting on 
resting heart rate and heart rate recovery has not been 
explored yet in healthy volunteers or any patient 
population. Various studies have explored the 
contribution of different predictors in abnormal heart 
rate recovery; a study conducted by Panzer et al21 
established the significant association of impaired 
fasting plasma glucose levels with abnormal heart 
recovery. Another study22 demonstrated association of 
weight loss with significant improvement in HRR1 with 
no changes in peak heart rate. 

Our study participants who had lower body fat 
ratio and BMI at baseline showed greater improvement 
in HRR2 after 14 days of fasting in comparison to 
participants with higher BMI and body fat ratio. Though 
individuals with both higher and lower BMI and body 
fat ratio at baseline showed significant improvement in 
HRR2, the improvement was more marked in the group 
with already better BMI and body fat ratio at baseline. 
Our findings are in agreement with the results of a 
previous study that showed a negative correlation of 
significant weight loss with heart rate recovery in gastric 
bypass patients.23 

In the present study, participants with a 
sedentary or moderately active lifestyle showed 
significant improvement in HRR2 but participants who 
reported regular physical activity did not show 
significant improvement in HRR2. The changes in 
HRR2 after Ramadan fasting have not been evaluated, 
but one previous study has shown significant 
improvement in HRR2 in cardiac rehabilitation patients 
after a structured exercise program.9 A similar study 
correlated improved HRR with an exercise training 
program in patients after anterior myocardial 
infarction.24 Possible reasons for less improvement in 
HRR2 in our participants with an active lifestyle could 
be the fact that these participants already had 
cardiovascular adaptations as a result of metabolic and 
molecular remodelling associated with exercise.25 

None of the smokers showed a significant 
increase of >20 bpm in HRR2 after the 14-day fasting 
which shows that even if fasting results in weight loss or 
a decrease in body fat, this improvement in body 
composition is less likely to be accompanied by an 

improvement in HRR2. Participants of our study with a 
body fat ratio of more than 25 at baseline were less 
likely to experience improvement in HRR2.  

We acknowledge our study limitations in 
terms of a small cohort of participants that could not be 
reflective of the entire population and inclusion of 
apparently healthy males and exclusion of females. 
Since the main aim of the study was to explore the 
effects of fasting on HRR and to identify different 
parameters associated with abnormal heart rate 
recovery, it was not possible to recruit patients with 
cardiovascular disease, metabolic syndrome, hormonal 
imbalances, pregnant and breastfeeding women to avoid 
hazardous effects of fasting in such population.  

CONCLUSION 
Significant improvement in HRR2, body fat ratio, BMI 
and waist circumference was observed in healthy adult 
males after 14 days of Ramadan fasting. Randomized 
controlled trials with longterm follow-up periods are 
needed to see the impact of intermittent fasting on 
overall fitness and the time of onset of any 
cardiovascular or metabolic disease in healthy 
individuals. Carefully designed studies may involve 
individuals with cardiovascular risk factors or diabetes 
mellitus to explore the effects of intermittent fasting on 
cardiovascular fitness. 

ACKNOWLEDGEMENT 
The authors would like to express their gratitude to the 
study participants for their participation and full 
compliance with the study protocol. 

REFERENCES 
1. Patterson RE, Laughlin GA, LaCroix AZ, Hartman SJ, Natarajan 

L, Senger CM, et al. Intermittent fasting and human metabolic 
health. J Acad Nutr Diet 2015;115(8):1203–12. 

2. Hill JO, Wyatt HR, Peters JC. Energy balance and obesity. 
Circulation 2012;126(1):126–32. 

3. Templeman I, Thompson D, Gonzalez J, Walhin JP, Reeves S, 
Rogers PJ, et al. Intermittent fasting, energy balance and 
associated health outcomes in adults: study protocol for a 
randomised controlled trial. Trials 2018;19(1):86.  

4. Galani C, Schneider H. Prevention and treatment of obesity with 
lifestyle interventions: Review and meta-analysis. Int J Public 
Health 2007;52(6):348–59. 

5. Moro T, Tinsley G, Bianco A, Marcolin G, Pacelli QF, Battaglia 
G, et al. Effects of eight weeks of time-restricted feeding (16/8) 
on basal metabolism, maximal strength, body composition, 
inflammation, and cardiovascular risk factors in resistance-trained 
males. J Transl Med 2016;14(1):290.  

6. Gabel K, Hoddy KK, Haggerty N, Song J, Kroeger CM, 
Trepanowski JF, et al. Effects of 8-hour time restricted feeding 
on body weight and metabolic disease risk factors in obese 
adults: A pilot study. Nutr Heal Aging 2018;4:345–53. 

7. Trepanowski JF, Bloomer RJ. The impact of religious fasting on 
human health. Nutr J 2010;9:57.  

8. Sadeghirad B, Motaghipisheh S, Kolahdooz F, Zahedi MJ, 
Haghdoost AA. Islamic fasting and weight loss: A systematic 
review and meta-analysis. Public Health Nutr 2014;17:396–406.  

9. Jolly MA, Brennan DM, Cho L. Impact of exercise on heart rate 
recovery. Circulation 2011;124(14):1520–6.  

http://www.pps.org.pk/PJP/18-2/Abida.pdf


Pak J Physiol 2022;18(2) 

http://www.pps.org.pk/PJP/18-2/Abida.pdf  14 

10. Malinowski B, Zalewska K, Węsierska A, Sokołowska MM, 
Socha M, Liczner G, et al. Intermittent fasting in cardiovascular 
disorders —an overview. Nutrients 2019;11(3):673.  

11. Kim MK. Effects of low calorie diet-induced weight loss on post-
exercise heart rate recovery in obese men. J Exerc Nutr Biochem 
2014;18(2):181–8.  

12. Akkoca M, Metin ZE, Topaloğlu O, Tokgöz S, Cihan G, Şan İ. 
An evaluation of the effects of Ramadan fasting on 
anthropometric, metabolic and endocrine parameters. Prog Nutr 
2018;20(3):503–9.  

13. Fahrial Syam A, Suryani Sobur C, Abdullah M, Makmun D. 
Ramadan Fasting Decreases Body Fat but Not Protein Mass. Int J 
Endocrinol Metab 2016;14(1):e29687.  

14. Cansel M, Taşolar H, Yağmur J, Ermiş N, Açıkgöz N, 
Eyyüpkoca F, et al. The effects of Ramadan fasting on heart rate 
variability in healthy individuals: a prospective study. Anadolu 
Kardiyol Derg 2014;14(5):413–6.  

15. Samad F, Qazi F, Pervaiz MB, Kella DK, Mansoor M, Osmani 
BZ, et al. Effects of Ramadan fasting on blood pressure in 
normotensive males. J Ayub Med Coll Abbottabad 
2015;27(2):338–42.  

16. Misra A. Ethnic-specific criteria for classification of body mass 
index: A perspective for Asian Indians and American Diabetes 
Association Position Statement. Diabetes Technol Ther 
2015;17(9):667–71. 

17. Azam F, Shaheen A, Irshad K, Liaquat A, Naveed H, Shah SU. 
Association of postexercise heart rate recovery with body 
composition in healthy male adults: Findings from Pakistan. Ann 
Noninvasive Electrocardiol 2019;25(3):e12711. 

18. Sezen Y, Altiparmak IH, Erkus ME, Kocarslan A, Kaya Z, 
Günebakmaz O, et al. Effects of Ramadan fasting on body 
composition and arterial stiffness. J Pak Med Assoc 
2016;66(12):1522–7.  

19. Fernando HA, Zibellini J, Harris RA, Seimon RV, Sainsbury A. 
Effect of ramadan fasting on weight and body composition in 
healthy non-athlete adults: A systematic review and meta-
analysis. Nutrients 2019;11(2):478. 

20. Sadiya A, Ahmed S, Siddieg HH, Babas IJ, Carlsson M. Effect of 
Ramadan fasting on metabolic markers, body composition, and 
dietary intake in Emiratis of Ajman (UAE) with metabolic 
syndrome. Diabetes Metab Syndr Obes 2011;4:409–16. 

21. Panzer C, Lauer MS, Brieke A, Blackstone E, Hoogwerf B. 
Association of fasting plasma glucose with heart rate recovery in 
healthy adults: A population-based study. Diabetes 
2002;51(3):803–7. 

22. Brinkworth GD, Noakes M, Buckley JD, Clifton PM. Weight 
loss improves heart rate recovery in overweight and obese men 
with features of the metabolic syndrome. Am Heart J 
2006;152(4):693. 

23. Wasmund SL, Owan T, Yanowitz FG, Adams TD, Hunt SC, 
Hamdan MH, et al. Improved heart rate recovery after marked 
weight loss induced by gastric bypass surgery: Two-year follow 
up in the Utah Obesity Study. Heart Rhythm 2011;8(1):84–90.  

24. Elshazly A, Khorshid H, Hanna H, Ali A. Effect of exercise 
training on heart rate recovery in patients post anterior 
myocardial infarction. Egypt Hear J 2018;70(4):283–5.  

25. Nystoriak MA, Bhatnagar A. Cardiovascular effects and benefits 
of exercise. Front Cardiovasc Med 2018;5:135. 

Addresss for Correspondence: 
Hania Ahmer, Shifa College of Medicine, Shifa Tameer-e-Millat University, Pitras Bukhari Road, Sector H-8/4, 
Islamabad-44000, Pakistan. Cell: +92-303-9113342 
Email: haniaahmer9917@gmail.com  

Received: 9 May 2021 Reviewed: 7 Jun 2022 Accepted: 7 Jun 2022 

Contribution of Authors: 
AS: Concept, Methodology, Data curation, Original draft preparation, Validation 
FA: Concept, Methodology, Data curation, Original draft preparation, Validation 
AL: Data curation, Methodology, Original draft preparation 
KI: Data curation, Revision and Editing  
HA: Data curation, Methodology, Revision 
HN: Visualization, Methodology, Supervision 

Conflict of interest: None to declare.  
Funding/Support: None to declare. 

http://www.pps.org.pk/PJP/18-2/Abida.pdf
mailto:haniaahmer9917@gmail.com


Pak J Physiol 2022;18(2) 

http://www.pps.org.pk/PJP/18-2/Shagufta.pdf  15 

ORIGINAL ARTICLE  
TERATOGENIC EFFECTS OF TOPICALLY APPLIED 
PARAPHENYLENEDIAMINE ON THE RAT FOETUS 

Shagufta Manzoor, Najma Baseer*, Sarmud Latif Awan**, Zilli Huma*,  
Irum Gillani***, Ziyad Afzal Kiyani**, †Humza Farooq 

Department of Anatomy, AJK Medical College, Muzaffarabad, *Institute of Basic Medical Sciences Khyber Medical University, Peshawar, 
**Department of Surgery, Abbas Institute of Medical Sciences Muzaffarabad, ***Department of Public health and Community Medicine, 

Health Services Academy, Islamabad, †Department of Surgery, Shifa International Hospital, Islamabad, Pakistan 

Background: Paraphenylenediamine (PPD) is an organic compound used in hair dye. It causes local 
and systemic side-effects. Not much is known regarding its foetotoxic effects. This study aimed at 
determining the teratogenic effects of topically applied PPD. Methods: This experimental study was 
carried out at IBMS, Khyber Medical University, and Peshawar Medical College, Peshawar over a 
period of 6 months. Twenty healthy Sprague Dawely female pregnant rats were divided into 5 
groups, i.e., positive control (Group A), control (Group B), and 3 experimental groups (C, D and E). 
For group A, 0.1 ml of distilled water was applied topically on back of each rat. For positive control 
group B, 0.5 ml of dye containing 3% PPD was applied, while for group C, D and E, 1, 2 and 3 
mg/Kg dose of PPD respectively was applied for 30 minutes daily. Skin was washed under tap water 
followed by rats mating. After successful fertilization, same doses were repeated for 20 days. 
Animals were sacrificed and foetuses were examined for skeletal abnormalities and hepatic changes. 
Skin biopsy of adult rats was examined for any changes. Result: Topically applied PPD resulted in 
significant teratogenic effects on foetal liver in a dose dependent manner. However, no significant 
teratogenic effect was observed on foetal skeleton (p=0.075). Topical PPD showed increased 
epidermal thickening and keratinization on adult rats skin. Conclusion: PPD has significant dermal 
effects on adult rats and teratogenic effects on liver of rat foetuses but no significant effects were 
observed on foetal skeleton. 
Keywords: Paraphenylenediamine, Sprague dawley, Teratogenic, Topical application, Hair dye, Foetus 
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INTRODUCTION 
Paraphenylenediamine (PPD) is a chemical compound 
having formula C6H4(NH2)2.1 PPD is an alanine 
derivative and is locally known as ‘Kala Pathar’.2 The 
PPD is a black mineral from the banks of Nile River. 
The PPD is commercially available since 1990 and is 
still used in permanent hair dyes. It is also used in rubber 
chemicals, pigments, cosmetics and photographic 
development agent. PPD is a colourless grey or yellow 
crystalline solid, which oxidizes after exposure to air 
and turns red, brown, and finally black. In many 
countries of Africa, Middle East, and India PPD is 
mixed with Henna and traditionally applied to palm and 
soles. In USA more than one third of women use hair 
dye containing PPD. PPD is used to intensify the black 
colour of Henna and to reduce the time for dyeing as 
well.3 N-acetylation catalysed by N-acetyltransferases 
(NATs) is major route of PPD metabolism. PPD is 
acetylated to monoacetyl-PPD (MAPPD), which is 
acetylated to Diacetyl-PPD (DAPPD).4 PPD and these 
metabolites are mainly excreted through renal 
clearance.5 Chronic exposure to PPD occurs in industrial 
workers manufacturing dyes, or in hairdressers using 
hair dyes containing PPD, as an occupational hazard.1 
Hair dye has been used to colour hair over the course of 
history. Hair dye can be categorized in terms of 

effectiveness and ingredients.6 In terms of effectiveness 
hair dye can be temporary, semi-permanent and 
permanent. In terms of ingredients hair dye can be 
natural, mineral and artificial organic dye. Worldwide 
most commonly used hair dye is permanent hair dye. 
Paraphenylene diamine is used as an essential 
component of almost all hair dye formulations. The 
absorption of hair dye through skin varies from one 
person to other and depends upon person’s health, 
gender, age and the moisture content of the dye. 

For more than 4,000 years henna has been 
used as a cosmetic by Middle Eastern, Mediterranean 
and Asian cultures. Henna contains a burgundy dye 
molecule Lawsons (2-hydroxy-1,4-napthoquinone) 
which binds with proteins and is used in body art to dye 
hair, skin, nail and also silk, wool and leather.7 The 
colour of natural henna is Orange/Reddish. PPD is 
mixed with natural henna to give it an ebony colour 
(Black Henna) and to reduce the time taken by natural 
henna to stain.7 

PPD can cause local and systemic side-effects 
when applied topically or ingested orally. It is highly 
toxic, especially when taken orally.8 Oral ingestion of 
PPD has been associated with systemic poisoning. The 
PPD induced systemic toxicity occurs in two phases. 
Acute phase occurs early some hours after ingestion. In 
acute phase tongue swelling, angioedema, burning and 
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numbness of the mouth, vomiting and airway 
obstruction occurs. The second phase occurs after a few 
days when toxic metabolites are absorbed and 
distributed throughout the body. Dark cola colour urine, 
acute injury to kidney, oliguria, anuria rhabdomyolysis, 
intravascular haemolysis and drowsiness can occur.9 
Oral ingestion of PPD has also been used for inducing 
abortions. A case study of a pregnant female who 
ingested unknown dose of PPD for the said purpose 
reported myocardial lysis in the aborted foetus.10 

The lethal dose of PPD in humans varies from 
7–10 gms, resulting in death due to cardiotoxicity and 
angioneurotic oedema.8 In rats, a lethal dose of PDD 
ranges from 80–100 mg/Kg.11 On topical application, 
PPD is metabolized in skin and its metabolites exert 
systemic effects. Hydrogen peroxide and superoxide 
radicles are produced as metabolites on long term 
exposure to PPD.12 Interestingly, animal studies have 
suggested that orally ingested PPD fails to produce any 
teratogenic or foetotoxic effects.13 However, one study 
which was carried out to determine the histopathological 
effects of PPD containing hair dye administered 
subcutaneously resulted in neonatal corneal changes.14 

A number of studies showing the toxic effects 
of topically applied PPD on different adult organs have 
been reported.14–19 Hair colouring products containing 
PPD account for 35% of non-Hodgkin’s lymphoma in 
exposed women and 20% in all women.5 Topically 
applied PPD induces haemolytic anaemia and 
rhabdomyolysis, which causes acute renal failure in 
rats.15 The PPD also causes hepatotoxicity evident by an 
increase in serum biomarkers and on histopathology16 
and reduces the number of primary ovarian follicles in 
rat ovaries.17 Sub-chronic topical application of PPD in 
different doses decreases the total sperm count and 
testicular weight.18 Topically applied PPD causes 
histopathological changes in skin like proliferation of 
epithelial cells and increase keratinization.19 Chronic 
dermal exposure to PPD resulted in toxic effects on 
pancreas that were evident from histopathological 
changes like vacuolation in cells of islets of Langerhans, 
irregular distorted acini, and congested blood vessels.20 

There is increased risk of lymphoma, leukaemia and 
bladder cancer in people using hair dye containing 
PPD.21 

Most drugs and chemicals like tetracyclines, 
and anticoagulants cross the placenta. Many factors like 
molecular weight, fat solubility, polarity etc. determine 
the ability of a drug or chemical to cross the placenta 
and reach the foetus. High molecular weight compounds 
do not cross the placenta. Compounds having molecular 
weight 1,000 Daltons or more do not cross the placenta, 
while those compounds having molecular weight less 
than 600 Daltons cross the placenta.22 PPD has 
molecular weight 108.14 Dalton so it can cross the 

placenta and reach the foetus and can cause teratogenic 
effects. 

The effects of topically applied PPD have been 
studied in adults. So far, in literature not much evidence 
was retrieved regarding the teratogenic effects of 
topically applied PPD. No evidence was found whether 
topically applied PPD is capable of crossing placenta 
and inducing teratogenic effects or not. Since hair dyes 
containing PPD are frequently used among women, the 
rationale of this study was to understand the teratogenic 
effects of PPD on foetal liver, skeleton and maternal 
skin. This would lead to better guidance for the use of 
hair dyes containing PPD in pregnant women. 

MATERIAL AND METHODS 
After review and approval by Graduate Study 
Committee (GSC), this research proposal was 
approved by the Advanced Study and Research Board 
(ASRB) under: DIR/KMU-AS&RB/TE/001089, and 
Ethical Board under: DIR/KMU-EB/TE/000761. The 
study was carried out in the Institute of Basic Medical 
Sciences (IBMS) of Khyber Medical University 
(KMU) Peshawar, Pakistan and Peshawar Medical 
College Peshawar, Pakistan. This was an experimental 
lab-based study.  

Twenty healthy Sprague Dawley female 
pregnant rats were taken. There were divided into five 
groups of four rats each as positive control, control, 
and three experimental groups. Sampling technique 
used was simple random sampling. The duration of 
this study was six months (June–December 2019). 

The exposed surface on the dorsum of all 
animals were clipped free of hair two days before the 
topical application of PPD. PPD doses of 1, 2 and 3 
mg/Kg were used for three Experimental groups C, D 
and E respectively. These doses were made in 1ml of 
distilled water and 0.1 ml of this solution was used for 
each dose.15 For Group A (Control group), 0.1 ml of 
distal water was applied topically on exposed area of 
5×6 mm2 on the dorsal surface of each rat.17 For 
Positive control group B, dye containing 3% PPD 
mixed with 1:1 H2O2, in a dose of 0.5 ml twice was 
applied topically.   

For Group C, D and E (Experimental groups) 
fresh solution of 1, 2 and 3 mg/Kg dose of PPD was 
prepared every day in distilled water. It was applied on 
the exposed dorsum of each rat using plastic syringe 
and spreaded using spatula for 30 minutes. The skin 
was washed under tap water.17 This process was 
repeated initially for 40 days and was then continued 
for 20 days after matting of rats. Total dose applied to 
rats over 60 days in group B was 49.5 mg, group C 
was 1.65 mg, group D was 3.3 mg and group E was 
4.95 mg. The protocol followed to ensure mating is 
depicted in protocol flowchart.  
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Protocol flowchart 

Two third of foetuses from each group were 
selected randomly for the examination of skeletal 
malformations and 1/3rd for Histopathological 
examination of liver.23 Liver morphology was staged 
and graded on basis of Batts-Ludwig’s system.24 For 
isolation and examination of foetal skeleton, 2/3rd of the 
foetuses were fixe din 95% ethanol and defatted in 1% 
KOH to make tissue and skeleton visible. The skeleton 
was then stained with 0/0025% Alizarin red stain and 
1% KOH for 24 hours. They were rinsed with water and 
transferred to 30% glycerine for 24 hours. Skeleton 
examination was carried out under dissecting 
microscope and foetal skeleton was observed for the 
skeletal abnormalities like Hemimelia, vertebral 
agenesis, Missing ribs, supernumerary ribs, digital 
defects and tail defects. For the evaluation of foetal 
liver, 1/3rd of foetuses were taken and their hepatic tissue 
was processed for Haematoxylin and Eosin staining and 
visualized under the light microscope. 

For studying further effects of topically applied 
PPD we also studied on the skin sections of adult rats 
where PPD was applied. For skin biopsy of adult female 
rat, 6 mm punch biopsy was taken from the site of PPD 
administration and 10 micrometre cryo-sections were 
cut. Histological sections were fixed in 5% acetic acid in 
menthol. Haematoxylin and eosin staining was done to 
define the skin layers and structures associated with 
each sample for analysis of histological changes. 

All the data obtained after animal 
experimentation was recorded in Microsoft Excel 
(2013). Histologic slides were analysed using image J 
software version 1.8.0 for determining diameter of 
central vein of liver and thickness of epidermis of skin. 
The data thus obtained was used to categorize dilation 
or congestion of central vein and increase or decrease in 
thickness of epidermis of skin. The SPSS-25 was used 
for all statistical analysis. 

RESULTS 
Number of foetuses in different groups, their male to 
female ratio and mean weight of foetus is shown in 
Table-1. The frequency of hepatic histological 
changes that is Periportal inflammation, Periportal 
necrosis, Centrilobular necrosis, Central vein 
dilatation and Hepatocyte hypertrophy are shown in 
Table-2, 3. The effects of different doses of PPD 
application on the skeleton of rat foetuses in different 
groups is shown in Table-4. In case of Periportal 
inflammation and necrosis the p<0.000 suggesting 
significant relationship between various PPD doses 
and periportal inflammation and necrosis. In case of 
Centrilobular necrosis, dilatation of central vein and 
Hepatocyte hypertrophy the p values were found to 
be p= 0.03, p= 0.006 and p= 0.001, respectively 
showing significant relationship between these 
histological changes and PPD application. 

Table-1: Number of foetuses and their mean 
weights in each group 

Groups 
Number of 

foetuses Male Female 
Weight in grams 

Mean±SD 
A 21 11 10 3.39±0.18 
B 24 12 12 3.68±0.30 
C 33 22 11 3.78±0.63 
D 24 10 14 3.5±0.18 
E 30 20 10 3.51±0.30 

 

Table-2: Frequency of periportal inflammation, periportal necrosis among foetal livers 
Periportal inflammation Periportal necrosis 

Groups None Minimal Mild Moderate Severe Total None minimal mild moderate Severe Total 
Water 7 0 0 0 0 7 7 0 0 0 0 7 
Dye 0 0 0 0 8 8 2 4 1 1 0 8 
1 mg/Kg 0 1 0 2 8 11 1 4 0 5 1 11 
2 mg/Kg 0 0 0 1 7 8 0 1 2 2 3 8 
3 mg/Kg 0 0 0 1 9 10 0 1 2 1 6 10 
Total 7 1 0 4 32 44 10 10 5 9 10 44 
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