www.ayujournal.org

Original Article

Hari Sharma, Xiaoying Zhang', Chandradhar Dwivedi'

Center for Integrative Medicine and Department of Pathology, The Ohio State University, Columbus, OH 43210 and 'Department of Pharma-
ceutical Sciences, College of Pharmacy, South Dakota State University, Brookings, SD 57007, USA.

Ghee, also known as clarified butter, has been utilized for thousands of years in Ayurveda as a thera-
peutic agent. In ancient India, ghee was the preferred cooking oil. In the last several decades, ghee
has been implicated in the increased prevalence of coronary artery disease (CAD) in Asian Indians
due to its content of saturated fatty acids and cholesterol and, in heated ghee, cholesterol oxidation
products. Our previous research on Sprague-Dawley outbred rats, which serve as a model for the
general population, showed no effect of 5 and 10% ghee-supplemented diets on serum cholesterol
and triglycerides. However, in Fischer inbred rats, which serve as a model for genetic predisposition
to diseases, results of our previous research showed an increase in serum total cholesterol and
triglyceride levels when fed a 10% ghee-supplemented diet. In the present study, we investigated the
effect of 10% dietary ghee on microsomal lipid peroxidation, as well as serum lipid levels in Fischer
inbred rats to assess the effect of ghee on free radical mediated processes that are implicated in
many chronic diseases including cardiovascular disease. Results showed that 10% dietary ghee fed
for 4 weeks did not have any significant effect on levels of serum total cholesterol, but did increase
triglyceride levels in Fischer inbred rats. Ghee at a level of 10% in the diet did not increase liver micro-
somal lipid peroxidation or liver microsomal lipid peroxide levels.Animal studies have demonstrated
many beneficial effects of ghee, including dose-dependent decreases in serum total cholesterol, low
density lipoprotein (LDL), very low density lipoprotein (VLDL), and triglycerides; decreased liver
total cholesterol, triglycerides, and cholesterol esters; and a lower level of nonenzymatic-induced
lipid peroxidation in liver homogenate. Similar results were seen with heated (oxidized) ghee which
contains cholesterol oxidation products. A preliminary clinical study showed that high doses of
medicated ghee decreased serum cholesterol, triglycerides, phospholipids, and cholesterol esters
in psoriasis patients.A study on a rural population in India revealed a significantly lower prevalence
of coronary heart disease in men who consumed higher amounts of ghee. Research on Maharishi
Amrit Kalash-4 (MAK-4), an Ayurvedic herbal mixture containing ghee, showed no effect on levels
of serum cholesterol, high density lipoprotein (HDL), LDL, or triglycerides in hyperlipidemic pa-
tients who ingested MAK-4 for 18 weeks. MAK-4 inhibited the oxidation of LDL in these patients.
The data available in the literature do not support a conclusion of harmful effects of the moderate
consumption of ghee in the general population. Factors that may be involved in the rise of CAD
in Asian Indians include the increased use of vanaspati (vegetable ghee) which contains 40% trans
fatty acids, psychosocial stress, insulin resistance, and altered dietary patterns. Research findings in
the literature support the beneficial effects of ghee outlined in the ancient Ayurvedic texts and the
therapeutic use of ghee for thousands of years in the Ayurvedic system of medicine.

Anhydrous milk fat, cholesterol, clarified butter, coronary artery disease, ghee, lipid
peroxidation, vanaspati, vegetable ghee.
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spelled ghrita) in Sanskrit. Ayurveda has traditionally considered
ghee to be the healthiest source of edible fat, with many
beneficial properties. According to Ayurveda, ghee promotes
longevity and protects the body from various discases.?!
It increases the digestive fire (agni) and improves absorption
and assimilation. It nourishes ojas, the subtle essence of all the
body’s tissues (dhatus). It improves memory and strengthens
the brain and nervous system. It lubricates the connective
tissues, thereby rendering the body more flexible. With regard
to the three doshas (organizing principles that govern the
physiology), ghee pacifies Vata and Pitta and is acceptable for
Kapha in moderation.”!

Ghee is heavily utilized in Ayurveda for numerous medical
applications, including the treatment of allergy, skin, and
respiratory diseases. Many Ayurvedic preparations are made by
cooking herbs into ghee. Ghee carries the therapeutic properties
of herbs to all the body’s tissues. It is an excellent anupana
(vehicle) for transporting herbs to the deeper tissue layers of
the body."! Proper digestion, absorption, and delivery to a target
organ system are crucial in obtaining the maximum benefit
from any therapeutic formulation; the lipophilic action of ghee
facilitates transportation to a target organ and final delivery
inside the cell since the cell membrane also contains lipid."l A
study that compared different forms of herbs and herb extracts
found that the efficacy increased when they were used with
ghee, compared to usage in powder or tablet form.

Ghee is considered sacred and used in religious rituals as well as
in the diet in India.l In ancient India, ghee was the preferred
cooking oil. It was considered pure and was felt to confer purity
to foods cooked with it."l Ghee and other similar products such
as samna (variant of the Arabic term samn) are used in many
parts of the world.I”!

Our previous fatty acid analysis of ghee indicated it contains
47.8% saturated fat,”® which is similar to data reported in the
literature."”! There has been concern about the possibility of
ghee contributing to an increased risk of cardiovascular discase
since it contains a high percentage of saturated fatty acids,
leading to increased synthesis of cholesterol. The American
Heart Association recommends limiting the consumption of
saturated fats to less than 7% of energy to reduce the risk of
cardiovascular disease.”! Previous results from our laboratory
indicated that 5 and 10% ghee-supplemented diets fed for 2
weeks to 2 months did not have any significant effect on serum
total cholesterol and triglyceride levels in Sprague-Dawley rats,
an outbred strain of rats used as a general experimental model.
However, a 10% ghee-supplemented diet fed for 2 months
increased serum  total cholesterol and triglyceride levels in
Fischer rats, an inbred strain of rats genetically predisposed to
discase processes.™

Free radicals and reactive oxygen species have been linked
to many chronic discases, as well as the aging process.!'-
2l Lipid peroxidation, a frec radical-mediated reaction, has
been implicated in various disorders such as post-ischemic
conditions,”  inflammation,™  head injury,™  stroke,!
carcinogenesis,”” cardiovascular discase,™® and aging.™ In the
present study, we investigated the effects of 10% dietary ghee
on microsomal lipid peroxidation, as well as serum lipids, in
Fischer inbred rats to elucidate the effect of ghee on the risk of
cardiovascular and other free radical-induced disecases.

Two groups of Fischer rats were used; there were five rats
in cach group. One group served as the control and received
rodent chow, and the other group was placed on a diet
supplemented with 10% ghee. The rats were permitted to have
food and water ad libitum. At the end of 4 weeks, blood was
obtained from the rats after a 14-hour fast, by cardiac puncture
under ether anesthesia. Serum was prepared from the blood and
analyzed for triglyceride and total cholesterol levels using Sigma
diagnostic Kits 405 B and 402, respectively (Sigma Chemical
Company, St. Louis, MO, USA), as described by Dwivedi et al.!®
Liver microsomes were prepared by differential centrifugation
as described by Dwivedi et al.® Microsomal lipid peroxidation
was assayed using the method described by Engineer et al.l?!
and Dwivedi et al.®? Microsomal lipid peroxide levels were
assayed by the method described by Sridhar et al.?!

Statistical analysis

The software INSTAT (GraphPad, San Diego, CA, USA) was
used to analyze the data. Student’s ¢-test was used to compare
the effects of ghee on different parameters. Significance in all
cases was considered as P < 0.05.

A 10% ghee-supplemented diet fed for a period of 4
weeks did not have any significant effect on the serum
total cholesterol level of Fischer inbred rats [Figure 1].
However, 10% dietary ghee significantly (P < 0.05) increased
the serum triglyceride level [Figure 2]. There was no
significant effect of 10% dietary ghee on liver microsomal
lipid peroxidation [Figure 3]. Similarly, 10% dietary ghee fed
for 4 weeks did not have any effect on liver microsomal lipid
peroxide levels [Figure 4].

Kumar and colleagues have shown that the consumption
of up to 10% ghee in the diet had a positive effect on
serum lipid profiles in Wistar rats (an outbred strain).*"
There was a dose-dependent decrease in total cholesterol, LDL,
very low density lipoprotein (VLDL), and triglycerides when
ghee was given at levels greater than 2.5% in the diet. Liver
cholesterol and triglycerides were also decreased, and when ghee
was the sole source of fat at a 10% level, polyunsaturated fatty
acids (PUFA) in the serum and liver lipids were significantly
reduced. In light of previous concern over cholesterol oxidation
products gencrated in heated ghee,” the investigators also
fed the animals ghee that had been heated to 120°C. Similar
results were seen with the heated ghee as with the “native”
ghee (fresh ghee that was not subjected to any further heating).
These results (for both the heated and native ghee) included a
significant decrease in serum total cholesterol levels, a decrease
of 20-25% in serum triglycerides, a 14-16% decrease in liver total
cholesterol levels, a 14-29% decrease in liver triglyceride levels,
and a lower level of nonenzymatic-induced lipid peroxidation in
liver homogenate, compared to the control animals. Levels of
cholesterol esters, which are important constituents of serum
lipoproteins and are implicated in the process of atherogenesis,
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Figure |: Effect of 10% ghee on serum total cholesterol level of
Fischer inbred rats; values represent mean * SD derived from
five rats

Figure 2: Effect of 10% ghee on serum triglyceride level of Fischer
inbred rats; values represent mean * SD derived from five rats;
*significant difference (P < 0.05)
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Figure 3: Effect of 10% ghee on liver microsomal lipid
peroxidation in Fischer inbred rats; values represent mean * SD
derived from five rats

were decreased significantly in the liver. Oleic acid, which
enables low density lipoprotein (LDL) to resist oxidation, was
increased by 36-40% in serum lipids when ghee was used as
the sole source of fat at a 10% level. Arachidonic acid, a key
inflammatory intermediate in the process of atherosclerosis, was
decreased by 65% in serum lipids when ghee was used as the
sole source of fat at a 10% level, compared to controls.

The authors discussed several theories that may account
for the observed results of their investigation. 1) The
hypocholesterolemic effect of dairy products may be mediated
through the inhibition of cholesterol biosynthesis which
enhances the fecal excretion of sterols and bile acids. 2) Ghee
contains conjugated linoleic acid which has been shown to
decrease serum LDL and atherogenesis in a rabbit model.
3) Serum oleic acid levels that increased when the animals
were fed ghee-supplemented diets may enable LDL to resist
oxidation, which in turn may prevent plaque formation. In a
follow-up study to determine the mechanism of action for the
hypocholesterolemic effect of ghee, diets supplemented with 2.5
and 5% ghee, both native and “oxidized” (heated) were fed to
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Figure 4: Effect of 10% ghee on liver microsomal lipid peroxide
levels in Fischer inbred rats; values represent mean * SD derived
from five rats

Wistar rats.?) The diets were made isocaloric with groundnut
oil. Dietary ghee did not affect the 3-hydroxy-3-methylglutaryl
coenzyme A (HMG CoA) reductase activity in liver microsomes,
indicating that it did not affect cholesterol biosynthesis, but
significantly increased the excretion of bile constituents and
lowered serum cholesterol levels. Liver is the primary site for
the biosynthesis of cholesterol, which is regulated by HMG
CoA reductase. This enzyme is downregulated by cholesterol
levels in the diet and is also inhibited by oxysterols. Fven
though the heated ghee contained cholesterol oxides, it did not
affect HMG CoA reductase activity. Dietary ghee significantly
decreased total cholesterol levels by 10-25% in the serum, and
by 7-14% in the intestinal mucosal cells, compared to control
animals fed groundnut oil. There was a corresponding decrease
in cholesterol ester fractions in the serum and intestinal
mucosa, with an indication that the esterification process in
the intestine was inhibited by ghee lipids. Cholesterol excretion
in the bile of these animals was significantly increased by 18—
30%. Bile is an important mode of transport for the excretion
of cholesterol and its metabolites. There was also a significant
increase in the excretion of total bile acids, uronic acid, and
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phospholipids. The authors concluded that ghee exhibited
hypocholesterolemic effects by enhancing the secretion of
biliary constituents.

A preliminary clinical study on the effect of medicated ghee
on serum lipid levels in psoriasis patients demonstrated
hypolipidemic effects of ghee when given at high doses.”””! The
patients were given daily incremental doses of 60 ml medicated
ghee over a 7-day period. There was an 8.3% decrease in serum
total cholesterol, a 26.6% decrease in serum triglycerides, a
17.8% decrease in serum phospholipids, and a 15.8% decrease in
serum cholesterol esters. The patients experienced a significant
reduction in scaling, erythema, pruritis, and itching, and a
marked improvement in the overall appearance of the skin.

The effectiveness of medicated ghee in the treatment
of psoriasis may be due in part to ghee’s ability to lower
prostaglandin levels and decrease secretion of leukotrienes,
which are inflammatory mediators derived from the arachidonic
acid cascade. Arachidonic acid is an essential fatty acid present
in the phospholipids of cell membranes. In the arachidonic
acid cascade, an elaborate signaling system, arachidonic acid is
cleaved from phospholipids by the enzyme phospholipase A,,
then serves as a substrate for the production of proinflammatory
lipid mediators known as prostanoids and leukotrienes.?!
Prostanoids include prostaglandins and thromboxanes and are
synthesized from arachidonic acid by cyclooxygenase enzymes.!”’!
Leukotrienes are synthesized from arachidonic acid by
lipoxygenase enzymes.’ A study on Wistar rats fed native
and oxidized ghee showed that a 10% ghee-supplemented diet
decreased arachidonic acid levels in macrophage phospholipids
in a dose-dependent manner, ranging from § to 61% decrease.
Serum thromboxane levels were significantly decreased by 27—
35% and 6-keto-prostaglandin F,  —decreased by 23-37%.1
When the diets were supplemented with 2.5-10% ghee, there
was a dose-dependent decrease in serum prostaglandin E, levels
ranging from 17 to 52%. When ghee was fed at levels greater
than 2.5%, there was a significant decrease in the secretion of
leukotrienes B, (LIB,), C, (LTC,), and D, (LTD,) by peritoneal
macrophages activated with calcium ionophore. The secretion
of large amounts of leukotrienes such as LI'B, LI'C, and LTD,
Is seen in patients with psoriasis and asthma, and suppression
of leukotriene formation is used in the treatment of these
disorders. Ghee contains conjugated linoleic acid which has
been shown to reduce the formation of inflammatory mediators
such as leukotrienes, prostaglandins, and interleukins.?!! The
ability of ghee to lower the levels of arachidonic acid metabolites
such as thromboxane and prostaglandin and decrease secretion
of leukotrienes is also beneficial in preventing cardiovascular
disease.l*2

These studies provide evidence that dictary ghee up to 10%
does not have any adverse effect on serum lipids and may in
fact be protective for diseases in outbred rats. Our previous
results on Sprague-Dawley outbred ratsl®! are consistent with
these findings. Our studies in Fischer rats, an inbred strain that
serves as a model for genetic predisposition to diseases, indicate
that 10% dietary ghee does not have significant effects on serum
total cholesterol levels when fed for 4 weeks but raises total
cholesterol levels when fed for 2 months. There was an increase
in serum triglyceride levels in Fischer rats fed 10% dietary
ghee for 4 weeks and for 2 months. However, 10% dictary ghee

did not have any significant effect on liver microsomal lipid
peroxidation and liver microsomal lipid peroxide levels; thus, it
is not likely to increase the risk of free radical induced diseases
such as cardiovascular disease, neurodegenerative discases, and
cancer.

Spiteller has proposed a theory on atherogenesis that implicates
cell membrane alteration reactions in the induction of lipid
peroxidation processes involving PUFAs, in lieu of implicating
foods containing cholesterol and saturated fatty acids."**!
The cell membrane structure can be altered by various factors
including inflammation, pressure such as hypertension, attack
by microorganisms, organic and inorganic compounds, etc. This
alteration apparently influences the channels crossing the cell
wall, causing an influx of Ca®* ions which induce activation
of phospholipases. The phospholipases cleave phospholipids,
generating free PUFAs that serve as substrates for cyclooxygenases
and lipoxygenases. Lipoxygenases transform PUFAs into lipid
hydroperoxides. If the impact on the cell is severe enough,
the enzymatic lipid peroxidation processes switch over to
nonenzymatic lipid peroxidation reactions in which peroxyl
radicals are produced. Peroxyl radicals are much more reactive
than lipid hydroperoxides and attack nearly all types of biological
molecules including lipids, sugars, and proteins.®

Spiteller points out that saturated fatty acids do not undergo
lipid peroxidation processes and therefore atherosclerosis
is not induced by the consumption of fats containing
saturated fatty acids. PUFAs are readily oxidized however and
Spiteller implicates cholesterol-PUFA esters in the process
of atherogenesis. Due to the PUFA content, the cholesterol
esters become oxidized and are then incorporated into LDL
and transferred to endothelial cells where they cause damage
that induces structural changes, ultimately resulting in the
lipid peroxidation processes described above.”) Ghee contains
antioxidants, including vitamin E, vitamin A, and carotenoids,”
which may be helpful in preventing lipid peroxidation. Vitamin
E is found in all cell membranes and functions aggressively
in this lipid environment to quench free radicals and prevent
the massive lipid peroxidation that results from a free radical
chain reaction speeding along the membrane.” The herbs in
ghee-based Ayurvedic formulations have high concentrations
of antioxidants!’ which can prevent oxidation of LDL. A
preliminary clinical study on an herbal mixture known as
Maharishi Amrit Kalash-4 (MAK-4) showed an increased
resistance of LDL to oxidation in hyperlipidemic patients who
ingested MAK-4 for 18 weeks. There was no change in levels of
serum total cholesterol, high density lipoprotein (HDL), LDL,
or triglycerides in these patients.’” A follow-up study showed
similar results, i.e., inhibition of the oxidation of LDL in
hyperlipidemic patients who ingested MAK-4, indicating it may
be beneficial for preventing and treating atherosclerosis. !

Another category of fatty acids that has been linked to
increased risk of cardiovascular disease is trans fatty acids.
These are unsaturated fatty acids with at least one double bond
in the trans configuration. They are formed during the partial
hydrogenation of vegetable oils. Compared to the consumption
of equal calories from saturated fats, trans fatty acids raise levels
of LDL and reduce levels of HDL. They also increase blood levels
of triglycerides.’” In India, partially hydrogenated vegetable oil
known as vanaspati was introduced in the 1960s and promoted



as “vegetable ghee.” It contains up to 40% trans fatty acids and
has gained wide usage in home-based cooking. It is also heavily
utilized in the preparation of commercially fried, processed, bakery,
ready-to-eat, and street foods.’™ Singh and colleagues studied the
association of ghee and vegetable ghee intake with higher risk
of coronary artery discase (CAD) in rural and urban populations
in northern India. Increased prevalence of CAD was associated
with the intake of ghee plus vegetable ghee, but the risk was
lower with consumption of ghee alone.’” A study on a rural
population in Rajasthan, India, revealed a significantly lower
prevalence of CAD in men who consumed higher amounts of
ghee [

Ghee has been heavily utilized in Ayurveda for thousands of years
for its health-promoting properties. It is administered alone and
is used in conjunction with herbs to treat various disorders. There
are 55-60 types of medicated ghee described in the Ayurvedic
texts.’l Positive results have been reported in research conducted
on several mixtures containing ghee. As previously discussed,
medicated ghee demonstrated hypolipidemic effects in psoriasis
patients and significantly improved psoriasis-related symptoms.?’!
The herbal mixture MAK-4 inhibited the oxidation of LDL in
hyperlipidemic patients.’* Mixtures containing ghee have also
shown hepatoprotective  effects,™ anticonvulsant activity,*
enhancement of memory, and enhancement of wound healing.[*!

In the last two to three decades, ghee has been implicated
in the increasing prevalence of CAD in Asian Indians living
outside India, as well as upper socioeconomic classes living
in large towns and cities in India.”*%l Data available
in the literature do not support a conclusion of harmful
effects of the moderate consumption of ghee in the
general population. Raheja points out that Asian Indians
previously had a low incidence of coronary heart discase
and for generations had been using ghee in their cooking,
which is low in PUFAs such as linoleic acid and arachidonic
acid. The epidemic of coronary heart disecase in India
began two to three decades ago when traditional fats were
replaced by oils rich in linoleic and arachidonic acid,***! as
well as  trans fatty acids comprise  40%  of
vanaspati.’  Adulteration of commercially prepared ghee
with vanaspati is also prevalent in India." In light of this,
researchers investigating ghee should ensure that the ghee
used in their experiments is not adulterated with vanaspati
which could yield spurious results.

which

Other factors that may be involved in the increased prevalence
of CAD include an increased level of stress associated with the
lifestyles of Asian Indian immigrants and upper socioeconomic
classes in India. Psychosocial stressors are now recognized as
significant risk factors for cardiovascular disease.?"! According
to Spiteller’s theory, stress is a main factor in the induction
of atherogenesis because it results in the release of adrenaline
which induces narrowing of the arteries and subsequent lipid
peroxidation reactions as discussed previously.”

For thousands of years Ayurveda has considered ghee to be the
healthiest source of edible fat. In the last several decades, ghee
has been implicated in the increasing prevalence of CAD in
Asian Indians. Our previous rescarch and data available in the

literature do not support a conclusion of harmful effects of the
moderate consumption of ghee in the general population. Our
present study on Fischer inbred rats indicates that consumption
of 10% ghee may increase triglyceride levels, but does not
increase lipid peroxidation processes that are linked to a higher
risk of cardiovascular disecase. Many rescarch studies have been
published, which report beneficial properties of ghee and herbal
mixtures containing ghee. In animal studies, there was a dose-
dependent decrease in serum total cholesterol, LDL, VLDL, and
triglycerides; decreased liver total cholesterol, triglycerides, and
cholesterol esters; and a lower level of nonenzymatic-induced lipid
peroxidation in liver homogenate, in Wistar outbred rats. Similar
results were obtained with heated (oxidized) ghee. When ghee
was used as the sole source of fat at a 10% level, there was a large
increase in oleic acid levels and a large decrease in arachidonic
acid levels in serum lipids.?* In rats fed ghee-supplemented
diets, there was a significant increase in the biliary excretion of
cholesterol with no effect on the HMG CoA reductase activity
in liver microsomes.” A 10% ghee-supplemented diet decreased
arachidonic acid levels in macrophage phospholipids in a dose-
dependent manner. Serum thromboxane and prostaglandin levels
were  significantly decreased and secretion of leukotrienes by
activated peritoncal macrophages was significantly decreased.P!

A study on a rural population in India showed a significantly
lower prevalence of coronary heart disecase in men who
consumed higher amounts of ghee." High doses of medicated
ghee decreased serum cholesterol, triglycerides, phospholipids,
and cholesterol esters in  psoriasis patients. There were
significant improvements in the patients’ psoriasis symptoms
as well.Z MAK-4, a herbal mixture containing ghee, increased
the resistance of LDL to oxidation in hyperlipidemic patients
and had no effect on levels of serum total cholesterol, HDL,
LDL, or triglycerides in these patients.’>*! Other mixtures
containing ghee have shown hepatoprotective effects,*!!
anticonvulsant activity,™ effects on enhancement of memory,
and enhancement of wound healing.*’!

These positive research findings support the beneficial effects
of ghee outlined in the ancient Ayurvedic texts and the
therapeutic use of ghee for thousands of years in the Ayurvedic
system of medicine.
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